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ABSTRACT 

This  textbook  for  junior  high  school  students 
encompasses  concepts  found  in  construction,  and  together  with  a 
teacher’s  guide  (VT  014  244)  and  two  laboratory  manuals  (VT  014  242 
and  VT  014  243),  constitutes  the  first  part  of  a 2-year  integrated 
program  in  industrial  technology.  This  and  the  second  year  course  in 
manufacturing  were  developed  under  a contract  from  the  Office  of 
Education.  The  material  was  written  by  professionals  in  the 
construction  field,  and  is  intended  to  help  students  view  the 
construction  world  with  greater  understanding,  appreciation,  and 
Insight.  Sample  topics  included  in  the  97  are;  (1)  Applying 
Technology  to  People,  (2)  Surveying  and  Mapping,  (3)  Designing  and 
Engineering  Construction  Projects,  (4)  Estimating  and  Bidding,  (5) 
Building  Superstructures,  (6)  Installing  Electrical  Communications 
Systems,  (7)  Financing  and  Contracting,  and  (8)  City  and  Regional 
Planning  Factors,  Extensive  use  is  made  of  pictures  and  drawings  for 
illustrations.  Related  documents  are  available  as  VT  014  080  and  VT 
014  238-VT  014  240-  (GEB) 
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The  World  of  Construction  will  provide  an  opportunity  for  you  to  become  more 
familiar  with  the  man-made  world  around  you— that  part  of  the  world  built  by  the 
construction  industry.  Just  how  important  construction  is  can  be  observed  by 
tracing  your  steps  backwards  for  the  past  few  days. 

You  live  in  a house  or  an  apartment  house  which  was  constructed.  You  get  to 
school  over  roads  and  streets  that  were  built  for  safe  travel.  You  study  m a school, 
and  members  of  your  family  work  in  factories,  office  buildings,  or  other  structures 
built  for  special  purposes.  The  water  you  drink  comes  through  pipelines  built  by  the 
construction  industry,  and  the  TV  you  watch  is  made  possible  by  transmission  lines 
and  towers  built  for  you  by  the  construction  industry.  There  isn’t  much  that  you 
can  do  that  can’t  be  traced  back  to  the  efforts  of  the  construction  industry.  This 
course,  developed  in  conjunction  with  all  aspects  of  the  construction  industry,  pro- 
vides you  an  opportunity  to  better  understand  construction. 

The  first  edition  of  this  textbook  was  written  in  1967 ; and,  since  then,  many 
representatives  of  the  construction  industry  have  participated  in  revising  and  up- 
dating this  material  to  its  present  form.  As  the  text  states,  “They  (labor  and  man- 
agement) work  together  in  many  areas  such  as  (1)  training  programs,  (2)  work 
promotion,  and  (3)  safety  programs.’’  Through  this  joint  venture,  materials  have 
developed  which  help  point  out  that  labor  and  management  do  have  disagreements, 
but  our  common  goals  are  achieved  by  cooperative  efforts  which  overcome  the 


differences.  • i u 

The  text  ranges  over  the  entire  construction  industry.  Coupled  with  laboratory 

activities,  the  text  should  help  you  gain  a working  knowledge  of  what  construction 
personnel  do.  The  program  is  not  intended  to  provide  you  with  the  knowledge  or 
skill  to  perform  as  experts,  but  it  can  help  you  understand  what  experts  know  and  do. 

Representing  major  groups  within  the  construction  industry,  we  recommend 
The  World  of  Construction  as  an  important  area  of  study.  Students  who  may  later 
join  the  industry  as  contractors  or  craftsmen  want  to  know  much  about  the  team 
they  are  joining.  Regardless  of  their  career  choice,  the  construction  industry  will  be 


important  to  them. 

Welcome  to  The  World  of  Construction. 


William  E.  Dunn 
Executive  Director 
The  Associated  General 
Contractors  of  America 


C.  J.  Haggerty 
President 

Building  and  Construction 
Trades  Department,  AFL-CIO 
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You  are  about  to  begin  a new  and  exciting  kind  of  education.  You  will 
gain  first-hand  knowledge  about  the  man-made  world  you  live  in.  With 
this  knowledge  you  will  be  able  to  view  this  constructed  world  with  greater 
understanding,  appreciation,  and  insight.  Until  now  few  students  have 
had  a chance  to  study  man’s  practices  in  construction.  To  provide  that 
opportunity,  this  educational  program  has  been  developed. 

You  may  find  the  World  of  Construction  so  fascinating  that  you  will 
want  to  make  construction  your  life’s  work.  Even  if  your  life’s  vmrk  is  in 
some  other  field,  you  still  need  some  basic  knowledge  about  construction. 
You  will  soon  be  a voting  citizen.  Then  you  will  make  decisions  that 
affect  the  nature  of  the  man-made  environment.  Whether  or  not  society 
builds  a satisfying  and  beautiful  environment,  or  a frustrating  and  ugly 
one,  depends  on  people’s  knowledge  of  the  constructed  world. 

This  textbook  was  written  by  professionals  in  the  construction  field, 
so  you  can  be  sure  that  what  you  read  is  accurate  and  up-to-date.  The 
readings  will  help  you  form  concepts  or  mental  pictures  of  what  the 
construction  world  is  like.  In  the  laboratory,  working  with  a laboratory 
manual,  techniques,  tools,  and  materials,  you  will  solve  real  construction 
problems  that  relate  to  the  readings.  In  solving  these  problems,  you  will 
learn  to  use  some  of  the  basic  practices  of  modern  construction. 

The  World  of  Construction  is  a part  of  the  answer  to  the  growing  demand 
for  educational  programs  that  deal  with  important  industrial  concepts. 
This  program  provides  an  excellent  basis  for  advanced  industrial  educa- 
tion programs  and  for  future  life  in  our  society. 


Dr.  Donald  G.  Lux 
Dr.  Willis  E.  Ray 
Co-Directors 
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The  readings  in  this  textbook  have  been  de- 
veloped using  the  following  procedure:  1)  the 
over-all  structure  of  the  textbook  was  con- 
ceived with  the  assistance  of  specialists  from 
the  fields  of  management,  labor,  personnel, 
architecture,  engineering,  and  production  repre- 
senting the  construction  industry;  2)  outlines 


for  each  textbook  reading  were  developed  by 
the  Project  staff;  3)  persons  from  industry 
qualified  on  the  subject  of  each  reading  were 
asked  to  prepare  a manuscript  of  approximately 
1500  words;  and  4)  editorial  staff  of  the  Project 
edited  these  n:.anuscripts  for  style  and  age- 
graded  the  materials. 
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Man  and 
Technology 

In  the  beginning,  the  heavens,  the  earth, 
and  man  were  formed.  Man,  from  the  past 
to  the  present,  has  changed  the  form  of  the 
earth’s  resources  to  satisfy  his  wants.  The 
way  man  makes  these  changes  is  called 
technology.  Let  us  think  of  what  technology 
is  and  how  technology  has  changed  our  lives. 


The  Dawn  of  Man 

Imagine  that  you  are  living  almost  two 
million  years  ago.  You  don’t  go  to  school,  be- 
cause there  are  no  schools.  You  have  nothing 
but  your  physical  and  mental  ability.  You 
have  no  clothes,  no  tools,  no  home,  no  reli- 
gion, no  food  saved,  and  no  cities.  Other  than 
your  family,  you  don’t  see  many  other  hu- 
man beings.  Too  many  people  in  the  same 
place  cut  down  the  food  supply. 

You  might  be  running  across  a grassy 
plain  somewhere  in  Africa.  You  see  your 
mother,  far  away,  chasing  some  animal  to 
get  food  for  you.  You  haven’t  had  anything 
to  eat  for  a long  time.  Your  father  is  out 
hunting  too,  and  you  haven’t  seen  him  for 
many  days.  All  at  once,  there  is  a loud 
squeal.  Your  mother  has  gotten  some  food 
for  you  by  killing  an  animal.  Together  you 
rip  it  apart  and  eat  the  raw  meat. 

Just  then,  there  is  a rustle  in  the  bushes. 
You  are  afraid,  because  you  don’t  know  what 
it  is.  When  you  look  up,  you  see  it  is  your 
father.  He  can’t  say  much  to  you,  because 
you  really  don’t  have  a well  developed  lan- 
guage. He  grunts  and  makes  sounds.  You  un- 
derstand some  of  these  sounds,  but  most  of 
what  he  tells  you  is  by  motions.  You  notice 
something.  Your  father  has  been  bleeding  a 
lot.  His  legs  and  stomach  are  covered  with 


blood.  He  must  have  been  attacked  by  some 
large  animal.  Man,  compared  to  many  ani- 
mals, is  not  very  strong.  Man  does,  however, 
have  a very  important  advantage  over  ani- 
mals. He  can  think  and  outwit  the  animals 
which  hunt  him. 

Now  that  your  father  has  come  back,  you 
want  to  go  home.  But  you  don’  t have  a house 
or  even  a cave.  All  you  can  do  is  find  a bush 
or  a tree.  'There  you  lie  down  and  sleep  until 
you  wake  up  and  hunt  for  some  more  food. 
It  may  be  the  middle  of  the  night,  or  it  may 
be  the  next  day  when  you  get  up.  It  doesn’t 
make  any  difference,  because  you  don’t  know 
what  time  is.  You  don’t  know  about  time  as 
we  know  it  today. 

After  some  sleep,  a sound  wakes  you. 
Something  must  be  wrong  because  of  all  the 
noise.  An  animal  is  about  to  attack  you  and 
your  parents.  Because  of  fear,  your  father 
does  something  that  you  have  never  seen 
him  do  before.  He  picks  up  a stone  and 
throws  it  at  the  animal.  Because  of  a very 
lucky  shot,  he  kills  it. 

Something  important  has  happened  just 
now.  No  one  has  ever  done  this— used  a 
stone  to  protect  himself  and  to  kill  an  ani- 
mal. What  was  that  stone?  Was  it  a tool? 
The  word  has  not  yet  been  made  up.  How- 
ever, it  is  a tool.  Your  father  used  it  to  pro- 
tect himself  and  to  get  food  for  another,  day. 
Could  this  have  been  how  the  first  tool  was 
discovered?  What  we  know  about  the  past 
tells  us  that  the  first  tools  were  just  stones. 
Fig.  1-1.  They  were  sharp  or  jagged  for  kill- 
ing  and  cutting.  These  stones  helped  man 
keep  alive  in  his  dangerous  world; 

The  way  early  man  made  and  .used  stone 
tools  to  get  food  and  to  protect  himself  can 
be  called  technology  (knowing  how  to  use 
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tools  and  techniques  efficiently).  Because  of 
his  lucky  shot  with  the  stone,  your  father 
learned  something  he  had  never  known  be- 
fore. Since  it  killed  the  animal,  he  now  knew 
that  he  could  both  get  food  and  protect  him- 


Fig.  1-1.  Technology  took  a big  step  forward  when 
man  began  to  use  tools  to  satisy  his  wants. 


Fig.  1-2.  Man  using  a shovel  to  move  earth. 


self  by  using  stones.  Therefore,  he  practiced 
doing  this.  He  learned: 

1.  How  big  the  stone  had  to  be, 

2.  How  hard  to  throw  it, 

3.  How  close  he  had  to  be  to  animals  to 
kill  them,  and 

4.  Where  to  hit  the  animals. 

He  learned  technology  (how  to  use  his  stone 
tool  to  get  the  best  results) . 

Now  you  have  two  advantages  over  ani- 
mals and  creatures  around  you.  You  can 
think  and  reason,  and  you  have  tools  to  in- 
crease your  physical  ability.  Tools  were  one 
of  the  first  great  steps  forward  for  man- 
kind. Man  increased  his  production  (Fig. 
1-2)  by  using  technology  to  make  and  use 
larger,  faster  tools  (Fig.  1-3). 


The  Beginning  of  an  Economic  System 

When  man  developed  new  tools  to  help 
him  with  farming  or  hunting,  he  worked 
with  stones.  Then  he  discovered  metal.  He 
found  copper  in  Egypt  about  6,000  years  ago. 
Bronze  was  then  developed  about  3,500  years 
ago.  Not  long  after  this,  iron  was  first  used 


Fig.  1«3.  Man  using  a machine  to  move  earth. 
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in  Europe.  Using  metals  gave  man  more  con- 
trol in  his  struggle  against  nature.  He  also 
began  to  develop  a new  technology  for  mak- 
ing tools. 

At  this  point  in  history,  not  everyone  had 
to  spend  all  his  time  getting  food.  Some  peo- 
ple could  spend  more  time  doing  other  things 
that  interested  them.  They  began  to  spe- 
cialize or  do  those  things  they  could  do  best. 
For  example,  they  made  clothing,  built  shel- 
ter to  live  in,  developed  government,  taught, 
or,  perhaps,  became  entertainers.  A man 
using  a shovel  (Fig.  x-2)  can  move  more  dirt 
than  if  he  used  only  his  bare  hands.  Thib 
same  man  can  move  more  earth  with  a spe- 
cialized tool.  Fig.  1-3.  He  can  now  work  at  a 
similar  task,  but  he  has  a higher  output  and 
he  has  better  working  conditions.  A spe- 
cialized worker  can  trade  or  sell  the  work  he 
does  to  others.  Then  he  can,  in  turn,  get  what 
he  wants  from  this  trading  and  selling. 

Early  men  had  to  make  for  themselves 
whatever  they  wanted.  Novv  men  specialize 
and  use  technology  to  make  an  abundance  of 
products.  These  are  distributed  by  an  eco- 
nomic system.  This  system  provides  you  with 
most  of  what  you  use. 

The  products  traded  in  the  economic  sys- 
tem are  usually  divided  into  goods  and  serv- 
ices. Goods  are  materials  such  as  homes, 
radios,  streets,  and  milk  shakes.  Services 
are  such  things  as  a haircut,  a bus  ride,  or 
the  chance  to  see  a movie.  Technology  is 
used  to  provide  both  goods  and  services,  but 
in  this  course  you  will  study  mostly  about 
the  technology  which  produces  goods  or 
materials. 


Processing  Economic  Goods 

There  are  two  ways  of  getting  materials: 

1.  Extracting  from  nature 

2.  Natural  reproduction 

Most  of  these  materials  are  processed  before 
we  use  them  for  our  wants.  There  are  two 
ways  of  processing  materials : 


1.  Construction 

2.  Manufacture 

The  following  paragraphs  explain  each  of 
these. 

Extraction  is  the  process  of  getting  ma- 
terials from  where  they  are  found  in  nature. 
Examples  of  this  are: 

1.  Getting  crude  oil  by  drilling  a hole  in 
the  ground  and  pumping  out  the  oil, 

2.  Panning  a stream  and  collecting  the 
gold, 

3.  Digging  a beach  in  South  Africa  to 
mine  for  diamonds,  and 

4.  Digging  gravel  out  of  a gravel  pit. 

All  of  these  are  processes  of  getting  useful 
njaterials  by  extraction.  Fig.  1-4. 

Reproduction  is  a process  of  nature.  Us- 
ing seeds  to  grow  a tree  for  your  front  yard, 
getting  a puppy  from  a mother  dog,  and 
seeding  your  yard  so  you  will  have  grass  are 
all  part  of  the  process  of  reproduction.  Re- 
production is  the  normal  life  process,  Fig. 
1-5. 


Fig.  1-4.  Some  materials,  such  as  coal,  are  taken 
directly  from  the  earth  and  are  used  up. 
This  taking  of  natural  resources  from  the 
earth  is  called  extraction. 
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Construction  is  building  something  on  a 
site.  Examples  of  construction  are: 

1.  Building  a house, 

2.  Putting  in  a sewage  system,  and 

3.  Building  a bridge  over  a river. 

These  are  all  examples  of  taking  raw  mate- 
rials, processing  them,  and  assembling  them 
(putting  them  together)  at  a certain  loca- 
tion to  make  something  that  you  want. 

Manufacture  is  producing  products  in  a 
factory  or  plant.  Making  a radio  or  an  auto- 
mobile, building  a jet  airplane,  or  putting 
together  a coloring  book  are  all  examples  of 
manufacturing. 


Fig.  1-5.  Some  materiais  such  as  these  tree  seedlings 
and  the  lumber  they  will  someday  become, 
are  grown.  This  natural  reproduction 
provides  us  \/ith  many  of  our  materials. 


Industry 

You  have  learned  that  there  are  four  ways 
to  produce  the  material  things  that  you 
want: 

1.  Extraction, 

2.  Reproduction, 


Fig.  1-6.  Many  material  goods  are  constructed  on  the  site.  This  year  you  will  study  the  technology  that  makes 
these  things  possible. 
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3.  Construction,  and 

4.  Manufacture. 

Reproduction  uses  a product  that  is  found  in 
nature.  Extraction,  although  it  might  be 
complicated,  still  uses  nature’s  products. 
Neither  of  them  do  much  to  change  the  ma- 
terials they  produce.  Sometimes  extracted 
or  reproduced  materials  are  greatly  changed 
in  form  (processed).  Industry  is  the  part  of 
the  economic  system  that  changes  the  form 
of  a material.  Constmction  and  manufacture 
are  the  tw^o  major  parts  of  industry. 

Now  that  you  know  what  industry  is,  what 
would  you  say  industrial  arts  is?  An  art  is 
usually  defined  as  an  ability  or  skill.  Indus- 
try is  changing  the  form  of  materials.  When 
you  put  “industry”  together  with  “arts,”  in- 
dustrial arts  can  be  defined  as  the  study  of 
the  use  of  tools  and  techniques  to  construct 
and  manufacture  goods  and  to  service  these 
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goods.  Therefore,  industrial  arts  is  the  study 
of  construction  and  manufacturing  technol- 
ogy. This  year,  you  will  study  construction 
technology,  Fig.  1-6. 


Summary 

As  technology  developed,  man  began  to 
specialize  and  to  do  the  things  he  was  best 
at  and  that  he  liked  to  do.  He  learned  to 
trade  or  sell  what  he  had  to  others  who 
wanted  it.  In  turn,  he  could  get  what  he 
wanted  from  this  trading  and  selling.  This 
specialization  led  to  the  development  of  an 
economic  system. 

There  are  many  products  that  each  of  us 
may  want.  These  can  be  put  into  two  differ- 
ent groups:  (1)  material  goods  and  (2) 
services. 
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Material  Goods 

- Biological  reproduction 

-Extraction  — 

-Construction  

- Manufacture  — — - 


~ — I 

Services 


Minor  Change 
in  form  (agriculture, 
mining,  etc.) 


- Communications 

- Domestic  service 

- Entertainment 


Major  change 
in  form  (indiis|fy) 


Finance 

Health 

Legal 

Marketing 

Transportation 

Other 


6 


The  World  of  Construction 


Material  goods  can  be  gotten  by:  (1)  ex- 
traction and  (2)  reproduction.  They  can  be 
processed  by:  (1)  construction,  and  (2) 
manufacture.  Of  these  four,  construction 
and  manufacturing  (industry)  change  the 
shape,  form,  or  size  of  materials  the  most. 

An  art  is  usually  defined  as  an  ability  or 
skill  to  do  certain  things.  When  you  put  “in- 
dustry” together  with  "axis,”  industrial  arts 
can  be  defined  as  the  study  of  the  use  of 
tools  and  techniques  to  construct  and  manu- 
facture goods  and  to  service  these  goods. 


Terms  to  Know 

tool 

technology 

specialization 


industry 
industrial  arts 
materials 


extraction 

reproduction 

construction 

manufacture 


technique 

process 

material  goods 
economic  system 


Think  About  It! 


1.  How  did  specialized  tools  and  technology 
lead  to  the  development  of  an  economic 
system'! 

2.  Give  three  examples  of  materials  which 
are: 

a.  extracted 

b.  reproduced 

c.  constructed 

d.  manufactured 

3.  Explain  the  difference  between  a con- 
structed product  and  a manufactured 
product.  Give  three  examples  of  each. 
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Technology 


Today  you  depend  on  the  work  of  other 
people  to  help  you  live  and  to  enjoy  life.  In- 
dustry plays  a major  role  in  giving  all  of  us 
the  material  goods  which  mean  so  much  to 
our  lives. 

As  you  live  each  day  and  take  part  in  so- 
ciety, you  and  your  family  ask  yourselves 
many  questions  about  industrial  technology. 
What  kind  of  car  shall  I buy?  How  can  I 
repair  a wall  in  my  house?  How  do  I fix  a 
transistor  radio?  What  kinds  of  matmals 
should  I buy  to  make  a doghouse?  What 
products  would  I buy  for  my  dream  house? 
These  questions  or  ones  like  them  are  asked 
by  all  people  who  live  in  an  industrialized 
society.  An  industrialized  society  is  one  in 
which  people  have  the  ability  to  make  and 
use  constructed  cmd  manufactured  products 
to  help  them  in  their  daily  lives.  In  the  fu- 
ture, if  you  want  to  make  intelligent  deci- 
sions about  what  kinds  of  things  are  best 
for  your  needs  and  how  to  go  about  doing 
things  for  yourself,  you  will  want  to  know 
something  about  industrial  technology. 

Remember  that  there  are  two  broad  parts 
or  divisions  of  industrial  technology.  The 
first  is  building  something  at  a site.  This  is 
construction  technology.  This  is  what  you 
will  study  this  year.  In  order  to  study  con- 
struction technology  you  should  know  the 
parts  of  this  field  and  see  how  each  part  re- 
lates to  the  others.  Only  then  can  you  under- 
stand the  whole  field  of  learning  which  is 
construction  technology.  Next  year  you  may 
study  the  second  part  of  industrial  technol- 
ogy which  is  the  knowledge  of  manufactur- 
ing techniques. 


Beginning  of  Construction  Technology 

Construction  technology  has  always  been 
a very  important  part  of  man’s  life.  Even 
the  earliest  thinking  man  began  to  make 
things  with  simple  stone  tools.  What  do  you 
suppose  were  the  first  things  man  con- 
structed? We  believe  they  were  probably 
shelters  or  kinds  of  homes  for  himself  and 
his  family. 

The  first  construction  might  have  been 
only  a crude  lean-to  shelter  to  protect  man 
from  wind  and  rain.  Maybe  the  first  con- 
struction was  the  act  of  digging  or  improv- 
ing a cave  to  make  a very  crude  home  and 
to  protect  man  against  the  weather.  For 
about  a million  years,  this  is  perhaps  all  that 
man  ever  tried  to  construct.  As  his  knowl- 
edge of  things  around  him  increased,  he 
began  to  design  and  build  structures  to  make 
his  life  more  comfortable. 

Later  man  built  bridges  to  make  his  travel 
easier.  He  built  aqueducts  to  carry  water  to 


Fig.  2-1.  Construction  technology  makes  it  possible 
for  man  to  work  awe-inspiring  changes  in 
his  surroundings. 
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Fig.  2-2.  Many  men  and  materials  and  specialized 
knowledge  are  required  to  build 
construction  projects  such  as  this  dam. 


Fig.  2-3.  Modern  machines  dnd  the  skills  of  the 
operators  make  it  possible  to  do  in  one 
hour  what  hundreds  of  men  used  to  work 
for  days  to  accomplish.  This  man  is  moving 
tons  of  earth  with  this  machine. 


his  developing  cities.  He  constructed  huge 
pyramids  which  he  thought  would  contain 
the  remains  of  Egyptian  rulers  forever.  He 
constructed  the  famous  colosseum  in  Rome 
for  entertainment.  He  built  large  churches 
for  worship.  Through  the  ages  man  has  de- 
signed and  constructed  the  many  wonders  of 
the  world  that  we  have  today,  Fig.  2-1. 


Construction  Technology  Today 

Construction  technology  is  a very  impor- 
tant part  of  today’s  economy.  To  understand 
construction  in  today’s  society,  we  should 
take  a look  at  how  much  construction  has 
taken  place  in  recent  years. 

The  way  we,  in  the  United  States,  measure 
goods  and  services  produced  is  by  the  GNP 
(Gross  National  Product).  We  can  say  that, 
if  you  bought  everything  that  was  produced 
in  one  year,  it  would  cost  you  the  amount  of 
the  GNP.  Construction  accounts  for  about 
16%  of  this  amount.  This  means  that  it 
would  have  cost  you  over  ninety  billion  dol- 
lars to  buy  ever5rthing  that  was  constructed 
in  1970. 

Sixteen  cents  out  of  every  dollar  spejnt 
each  year  is  spent  to  buy  such  things  as 
homes,  roads,  bridgr.s,  and  dams.  Fig.  2-2. 
You  can  see  that  construction  technology  is 
a very  important  part  of  our  society.  Do  you 
think  construction  will  continue  at  such  a 
rapid  pace  in  the  future?  Is  man’s  need  for 
constructed  things  increasing? 

In  the  past  one  hundred  years  there,;has 
been  a great  increase  in  home  construction. 
To  meet  our  needs  and  wants,  great  facto- 
ries have  been  constructed  at  a rapid  rate. 
Office  buildings  increase  in  number  and  size 
to  house  the  services  we  want.  Miles  of 
roads  and  bridges  are  constructed  yearly  to 
make  it  easier  for  us  to  travel  and  to  trans- 
port products  more  rapidly.  Fig.  2-3.  The 
trend  would  seem  to  indicate  a continued 
growth  in  the  field  of  construction  to  meet 
the  ever  new  needs  and  wants  of  our  ever 
growing  population. 
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Construction  Technology  in  the  Future 

What  kinds  of  construction  might  you  see 
in  the  future  besides  the  kinds  of  construc- 
tion that  you  see  today?  New  construction 
techniques  are  being  tested  to  improve  or 
replace  even  the  best  practices  today. 

In  the  not  too  distant  future,  engineers  say 
we  will  be  constructing  not  only  on  the  earth 
but  in  other  places.  Serious  thought  is  being 
given  to  building  a huge  space  station  hun- 
dreds of  miles  above  the  surface  of  the 
earth.  When  we  get  to  other  planets,  we  may 


build  structures  on  them.  The  structures 
used  for  housing,  such  as  on  the  moon,  will 
have  to  be  built  so  they  will  contain  their 
own  atmosphere  and  temperature  control 
systems. 

As  we  travel  to  other  planets,  we  will  have 
to  think  of  new  designs  in  construction  to 
meet  the  needs  of  man  as  he  conquers  his 
universe.  Already  the  space  age  has  caused 
us  to  build  one  of  the  largest  buildings 
known  to  man.  This  building  houses  the 
Saturn  V rocket  which  launched  astronauts 
to  the  moon.  Fig.  2-4. 


Fig.  2-4.  One  of  the  largest  buildings  ever  constructed  by  man,  the  Vehical  Assembly  Building  at  John  F.  Kennedy 
Space  Center,  represents  the  products  of  modern  technology.  Note  the  size  of  the  automobiles  in 
front  of  the  building.  Also  note  that  the  front  doors  are  three  times  the  height  of  the  Statue  of  Liberty. 
The  symbols  of  the  statues  shown  in  the  door  opening  are  drawn  to  the  same  scale  as  the  building. 
This  building  encloses  nearly  twice  the  space  enclosed  by  the  huge  Pentagon  in  Washington,  D.  C. 
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How  Construction  Technology 
Is  Achieved 

We  have  already  seen  that  anything  built 
on  a site  is  a result  of  construction  technol- 
ogy (knowing  how  to  use  tools  and  tech- 
niques to  build  something  on  a site).  We 
know  that  if  man  did  not  exist,  there  would 
be  no  construction  technology  as  we  know  it. 

You  might  ask  yourself,  “How  do  we  get 
all  the  structures  that  we  see  around  us?” 
First,  someone  has  to  want  the  structure  at, 
a certain  place.  Would  anything  be  built  if 
nobody  wanted  it  or  was  willing  to  pay  for 
it  ? Once  someone  wants  and  is  willing  to  pay 
for  something,  it  must  be  designed  and  de- 
veloped. Thus  a plaw  for  action  is  developed. 
Then  a sequence  (the  steps)  to  be  followed 
during  construction  is  prepared  so  that  the 
construction  will  be  completed  as  planned. 

Then  the  services  of  many  different 
skilled  people  must  be  contracted.  A plan  is 
submitted  or  given  to  contractors  who  can 
handle  most  of  the  steps  of  building  a struc- 
ture. The  contractors  bid  on  the  job  and  the 
bid  of  the  least  amount  of  money  usually  is 
selected. 

Once  a contractor’s  firm  has  been  chosen 
to  construct  the  object,  how  does  the  firm 
begin?  First  the  location  or  where  the  object 
is  to  be  built  must  be  chosen.  Then  the  site 
must  be  prepared.  If  a dam  is  to  be  con- 
structed, Water  might  have  to  be  rechan- 
neled so  that  the  men  can  reach  the  bedrock 
to  begin  construction.  In  building  a house, 
trees  might  have  to  be  removed,  the  ground 
leveled,  and  earth  removed  to  make  a place 
for  the  foundation.  You  can  see  that,  no 
matter  what  you  are  building,  the  site  must 
be  prepared  in  some  way. 

After  the  site  is  prepared,  the  structure 
must  be  built.  Because  of  the  many  different 
things  involved  in  building  most  structures, 
many  people  with  special  skills  are  needed. 
Because  of  the  specialization  of  techniques 
or  skills,  we  can  build  greater  structures  for 
less  money. 

After  the  structure  is  built,  the  site  must 
be  finished  by  landscaping  (the  finishing 


touches).  The  materials  are  cleaned  up, 
shrubbery  and  trees  are  put  in  place  to  add 
beauty;  and  lighting,  roads,  sidewalks,  and 
other  things  are  installed  to  make  the  site 
ready  to  use.  The  constructed  object  is  then 
complete. 

All  constructed  objects  must  be  continu- 
ally maintained  due  to  wear  by  use  or  de- 
terioration from  weather  or  corrosion.  This 
is  part  of  postprocessing  (servicing) . 

Elements  of  Construction  Technology 

Management,  personnel,  and  production 
technology  together  make  up  construction 
technology.  Management  technology  has  to 
do  with  planning,  organizing,  and  controlling 
all  the  men  and  materials  used  in  construc- 
tion. Personnel  technology  is  how  to  hire, 
train,  work,  advance,  and  retire  constructoii 
workers.  Fig.  2-5.  Production  technology  has 
to  do  with  the  preprocessing,  processing, 
and  postprocessing  (servicing)  of  materials. 
All  of  this  technology  will  be  studied  in  de- 
tail in  this  course. 

As  you  study  and  work  on  daily  assign- 
ments, make  an  effort  to  figure  out  how  each 
particular  assignment  is  related  to  major 
parts  of  construction  technology.  If  you 
make  this  effort,  the  details  of  your  daily 
activities  will  help  you  to  understand  both 
the  details  of  construction  as  well  as  the 
workings  of  the  entire  construction  industry . 

Construction  technology  is  a vast  body  of 
knowledge.  However,  it  can  be  simplified 
into  common  elements.  As  an  example,  plan- 
ning is  done  by  bricklayers,  architects, 
draftsmen,  carpenters,  contractors,  and 
many  others  in  construction.  However,  they 
all  use  common  planning  practices.  In  this 
course  you  will  learn  some  detailed  planning 
techniques  (practices).  However,  you  also 
should  try  to  use  the  study  and  experience 
with  detailed  techniques  to  help  you  under- 
stand the  more  general  ones.  That  is  to  say, 
you  may  plan  a particular  object,  but  the 
techniques  learned  in  doing  this  should  be 
related  to  the  common  planning  techniques 
used  in  planning  all  types  of  construction. 


Construction  Technology 


Fig.  2-5.  These  trained  men  were  hired  for  their  skill 
in  working  with  concrete. 


Summary 

Construction  is  a large  part  of  our  society 
today.  It  has  always  been  a part  of  man’s 
society.  As  our  society  grows  and  our  needs 
become  greater,  we  need  more  and  more 
constructed  objects.  Although  our  needs  for 
objects  may  change  and  some  new  objects 
might  be  developed  in  different  forms,  the 
tools  and  techniques  used  to  build  all  con- 
structed objects  are  much  the  same. 


1 1 

Construction  technology  may  be  subdi- 
vided into  elements  which  can  be  studied. 
Both  the  elements  and  their  relationships  co 
each  other  are  important.  As  you  study,  you 
should  try  to  place  each  day’s  study  in  rela- 
tion to  the  studies  completed  and  the  studies 
to  come.  If  you  have  a good  knowledge  of 
construction  practices  and  constructed  ob- 
jects, you  can  better  understand  the  world 
in  which  you  live. 
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Think  About  It! 

1.  What  are  the  three  main  functions  of 
management  technology? 

2.  What  are  the  five  main  functions  of  per- 
sonnel technology? 

3.  What  are  the  three  main  functions  of 
production  technology? 
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Applying 
Technology 
to  People 


Everyone’s  life  is  changed  when  he  uses 
industrial  products.  With  a bicycle,  you  can 
go  around  a paper  route  quickly.  Inside  a 
comfortable  house,  you  can  forget  about  a 


rainstorm.  The  ways  industrial  products 
change  the  lives  of  people  are  studied  as 
part  of  school  subjects  like  geography  or 
history.  Fig.  3-1.  In  industrial  arts  we  study 
how  industrial  production  affects  industrial 
workers  as  well  as  how  to  make  and  use  in- 
dustrial products. 

You  will  learn  about  the  workers  (per- 
sonnel) in  construction  and  the  technology 
which  is  all  around  them.  Later  you  will 
learn  about  workers  in  manufacturing.  In 
this  lesson  both  construction  and  manufac- 
turing workers  will  be  introduced,  along 
with  a brief  look  at  the  other  major  groups 
of  workers  in  the  labor  force.  These  are  the 
people  who  work  for  wages.  The  labor  force 
does  not  include  those  who  work  at  school 
studies  or  those  who  are  full-time  house- 
wives, as  examples.  Personnel  technology 
will  also  be  defined. 

About  two  out  of  every  seven  students  in 
your  school  will  begin  working  in  industry 
when  they  finish  their  schooling.  Perhaps 
you  will  be  one  to  begin  your  career  in  in- 
dustry. Therefore,  it  is  important  that  you 
know  about  industrial  employment  and  dif- 
ferent types  of  jobs  in  order  to  decide 
whether  or  not  you  want  to  work  in  indus- 
try. Your  knowledge  about  the  different 
kinds  of  workers  and  their  work  will  help 
you  choose  the  type  of  job  which  you  will  be 
able  to  do  and  which  you  can  enjoy. 


Fig.  3-1.  Everyday  you  are  in  contact  with  constructed 
and  manufactured  products.  Can  you  identify 
some  of  both  kinds  of  products? 


Industrial  Workers  in  the  Labor  Force 

Table  3-1  shows  how  many  workers  there 
are  in  the  major  employment  groups  as  re- 
ported by  the  United  States  Department  of 
Labor.  Manufacturing  workers  now  make  up 
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the  largest  employment  group.  Construction 
workers  make  up  one  of  the  smallest  em- 
ployment groups.  However,  information 
about  the  growth  of  each  employment  group 
is  important  when  you  look  at  employment 
possibilities.  Table  3-2  shows  how  fast  each 
of  the  employment  groups  is  growing.  Table 
3-2  shows  that  construction  is  one  of  the 
three  fastest  growing  employment  groups. 
It  also  shows  that  the  number  of  manufac- 
turing workers  will  not  be  increasing  as  fast 
as  the  numbers  in  the  labor  market  as  a 
whole.  Construction  emplosrment  increased 
57%  between  1947  and  1964.  Manufacturing 
employment  increased  only  11%  in  the  same 
time. 

Services  (see  Table  3-2)  is  one  of  the  ma- 
jor employment  groups  in  the  report  by  the 
United  States  Department  of  Labor.  Serv- 
ices to  dwellings  is  one  of  the  smaller  groups 
that  makes  up  this  larger  group.  All  these 
workers  could  be  called  construction  work- 
ers as  well,  because  they  make  their  living 


Table  3-1 

Workers  in  Major  Employment  Groups,  1964 
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by  working  on  constructed  products.  In  the 
same  way,  “automobile  repair”  is  a smaller 
group  in  “services,”  and  all  these  employees 
could  be  called  manufacturing  personnel. 
All  of  them  make  their  living  by  working 
on  manufactured  products.  Thus,  both  the 
construction  and  manufacturing  employment 
groups  are  larger  than  labor  force  reports 
show.  We  can  estimate  that  more  than  one 
million  service  workers  are  servicing  con- 
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structed  and  manufactured  goods,  Fig.  3-2. 
They  work  in  the  'postprocessing  of  indus- 
trial products  and  could  be  considered  to  be 
industrial  employees. 


Personnel  Technology 

This  year  you  will  study  and  v/ork  with 
much  of  the  technology  used  in  making  con- 
structed goods.  Also  you  will  study  the  tech- 
nology which  alfects  the  workers  who  make 
these  goods.  Personnel  technology  can  be 
called  “ways  of  causing  people  to  do  things.” 
It  has  a great  bearing  on  the  daily  work  of 
millions  of  industrial  workers. 

The  whole  idea  of  personnel  technology 
is  a new  one.  A look  at  the  “coffee  break 
will  help  explain  problems  of  personnel 
technology.  The  coffee  break  has  become  an 
American  tradition.  It  is  accepted,  often 
without  question  or  explanation,  as  some- 
thing that  should  be  given  to  workers.  To 
be  called  personnel  technology,  the  coffee 
break  would  need  to  be  studied  from  many 
points  of  view.  With  a coffee  break,  produc- 


Fig.  3-2.  The  work  these  construction  men  are 
performing  can  be  classified  as  repair. 


tion  may  go  up  even  though  the  time  worked 
may  be  less.  On  the  other  hand,  some  work- 
ers may  believe  that  others  are  getting  a 
longer  coffee  break.  This  may  make  their 
production  drop.  In  the  same  way,  you  may 
believe  that  someone  else  has  less  home- 
work than  you  do.  Therefore,  you  may  do 
your  homework  poorly  because  you  spend 
some  of  your  time  worrying  about  how  to 
get  less  homework  or,  perhaps,  how  to  get 


Fig.  3-3.  These  construction  workers  work  for  wages 
and  benefits. 


Fig,  3-4,  In  cold  areas,  working  conditions  are 

improved  by  the  use  of  temporary  plostic 
enclosures. 


the  other  person  more  homework.  The  prob- 
lem is  that  it  is  hard  to  find  the  best  way 
to  affect  people.  In  personnel  technology,  the 
coffee  break  would  be  studied  to  see  if  it 
does  help  people  do  their  jobs  better.  With 
more  study,  another  way  might  be  found  to 
help  them  do  their  jobs  better. 

The  technology  which  helps  us  form  ma- 
terials is  very  exact  The  technology  that 
helps  us  affect  workers  is  not.  Materials  can 
be  carefully  tested  and  measured  until  each 
piece  is  very  much  like  another.  We  are  not 
able  to  make  all  people  alike,  and  most  peo- 
ple would  even  question  if  we  should  try. 
Even  with  the  problems  which  exist  in  per- 
sonnel technology,  there  is  much  that  has 
been  done.  By  studying  what  we  do  know 
about  it,  we  can  better  understand  personnel 
problems  and  practices  in  industry. 

Personnel  technology  is  used  to  cause 
workers  to  work  safely  and  efficiently,  to 
make  them  feel  fairly  treated,  and  to  help 
them  find  jobs  they  like  and  do  well.  Per- 
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sonnel  technology  can  be  grouped  in  many 
ways.  A simple  way  to  group  personnel 
technology  is  to  consider  all  of  the  practices 
which  are  directed  toward  efficient  (1)  hir- 
ing, (2)  training,  (3)  working,  (4)  advanc- 
ing, and  (5)  retiring  of  personnel.  Later  in 
this  course,  you  will  study  in  greater  detail 
each  of  these  major  types  of  personnel  prac- 
tices as  they  are  used  in  construction. 


Summary 

As  you  go  through  this  course,  you  will 
meet  and  do  the  work  of  many  construction 
people.  If  you  see  how  they  are  hired, 
trained,  worked,  promoted,  and  retired,  you 
will  learn  how  different  personnel  practices 
are  used  for  different  kinds  of  workers.  You 
will  better  understand  both  what  the  prac- 
tices are  and  why  they  are  used.  Also,  you 
will  be  better  able  to  decide  the  kind  of  work 
you  will  someday  want  to  do. 
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Terms  to  Know 

labor  force 
wholesale 
retail 
estimate 
organizing 

Think  About  It! 

1.  Compare  a coffee  break  on  a job  with  a 
recess  at  school.  Do  people  always  work 


harder  or  better  after  a break?  Why  or 
why  not? 

2.  Since  people  are  not  all  alike,  a personnel 
problem  may  need  several  solutions.  Sug- 
gest two  or  three  ways  to  handle  each  of 
these  problems. 

a.  A construction  worker  does  not  like 
to  wear  his  safety  helmet. 

b.  A worker  who  is  very  friendly  wastes 
time  talking. 

c.  A man  who  works  very  hard  thinks 
he  is  not  paid  enough  because  other 
workers  get  the  same  wages  and  do 
less  work. 


personnel  technology 

employment 

work 

career 
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Managing 

Construction 


. Management  is  not  hard  to  understand  if 
you  take  a careful  look  at  the  actions  or 
activities  of  managing.  This  lesson  is  a 
brief  introduction  to  managing  construc- 
tion. 

You  have  learned  that  man  has  improved 
his  standard  of  living  through  technology 
and  specialization  of  human  activity.  In 
industry,  man  has  developed  two  systems 
for  improving  his  world.  They  are  (1) 
construction  and  (2)  manufacture.  Since 
construction  is  the  subject  of  your  study 
this  year,  we  will  look  at  the  efficient  ac- 
tions or  technology  of  construction  man- 
agement. 


Management  Activity  Is  Universal 

You  have  seen  your  parents  manage 
family  and  home  affairs.  At  school  you 
have  seen  your  principal  and  others  man- 
age buildings,  playgrounds,  classes,  teach- 
ers, and  students.  Your  city  or  town  is 
managed  or  run  by  elected  or  appointed 
officials.  Likewise,  state  and  federal  govern- 
ments are  managed.  Religious  activities  are 
managed.  In  fact,  all  human  activity  is 
managed  to  some  degree. 

A common  definition  of  management  is 
“getting  work  done  through  other  people.” 
In  a special  sense,  then,  a person  cannot 
manage  himself.  He  must  have  some  au- 
thority over  other  people  to  be  called  a 
manager.  However,  if  we  look  at  manage- 
ment closely,  we  find  that  each  person 
manages  most  of  his  daily  activity,  whether 
he  thinks  about  it  or  not.  Think  back  to  this 
morning  when  you  got  out  of  bed.  You 
planned  ahead  to  see  which  socks  would 


match  the  rest  of  your  clothing.  You  or- 
ganized yourself  and  picked  them  out  of  the 
drawer.  You  controlled  your  selection  by 
making  sure  you  got  a pair  of  socks  that 
were  the  same  color  and  pattern. 

Management  involves  the  actions  of : 

1.  Planning, 

2.  Organizing,  and 

3.  Controlling. 

These  actions,  activities,  or  functions  as 
they  are  sometimes  called,  are  common  to 
all  human  work  and  play. 


Management  in  Construction 

Management  in  construction  is  much  the 
same  as  in  business,  in  agriculture,  in  the 
factory,  or  in  the  home.  Management  in 
construction  involves  the  planning,  organ- 
izing, and  controlling  of  construction  proj- 
ects, Fig.  4-1.  Well-managed  projects 
usually  make  a profit  for  an  individual  or  a 
company.  If  management  practices  are  not 
done  well,  much  money  can  be  lost  and  a 
contractor  or  a construction  company  may 
go  out  of  business. 

Managing  involves  three  major  activities 
or  functions: 

Managing 

“Planning 

-Organizing 

^Controlling 

We  will  now  take  a close  look  at  the  activi- 
ties within  each  of  these  categories  (group- 
ings). 
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Planning 

The  first  major  category  of  management 
is  planning.  Planning  is  made  up  of  formu- 
lating, researching,  designing,  and  engi- 
neering. 


Planning 


— Formulating 

— Researching 

— Designing 

— Engineering 


Formulating  has  to  do  with  setting  goals. 
It  means  making  the  first  decisions  about 
what  is  to  be  constructed  and  why.  Should 
it  be  built?  Can  it  be  built?  Is  there  a need 
for  the  construction?  Individuals  or  groups 
of  persons  (private  or  public)  take  part  in 
formulating  well  before  a project  is  started 
at  the  site. 

Researching  is  needed  to  find  the  correct 
answers  to  important  questions  or  prob- 
lems. Some  researching  (like  testing  the 
hardness  of  soil)  is  carried  on  at  the 

construction  site.  Some  research  (such  as 
finding  where  a water  pipe  is  buried)  is 
done  in  architect’s  and  engineer’s  offices. 
Research  is  also  done  at  universities  and 
research  institutes  where,  for  example, 
wood  or  iron  beams  may  be  tested  under 
great  loads  to  find  their  breaking  point. 
Researching  helps  to  answer  questions  of: 

1.  was  (retrieving), 

2.  is  (describing),  and 

3.  wiH  6e  (experimenting). 

In  construction,  architects,  engineers, 
and  sometimes  contractors  work  at  design- 
ing. Designing  involves  deciding,  for  ex- 


ample, what  function  a structure  must  per- 
form or  what  job  it  must  do.  Several  solu- 
tions to  the  design  problem  will  be  created, 
and  sketches  and  models  may  be  made.  The 
best  design  or  the  one  most  satisfying  to 
the  designer  and  customer  will  be  refined 
and  improved.  Fig.  4-2.  Designing  is  very 
creative. 

Once  the  best  design  is  selected,  details 
of  how  to  build  the  structure  are  consid- 
ered. This  is  the  engineering  part  of  plan- 
ning. Engineers,  estimators,  and  draftsmen 
work  at  engineering  details : 

1.  Detailed  drawings  are  made  from  the 
sketches  and  models. 

2.  Specifications  for  building  materials  are 
given. 

3.  Costs  are  estimated,  and  building  proc- 
esses are  decided  upon.  ^ 

4.  The  whole  project  is  scheduled  as  to 
what  must  be  done  first,  second,  and  so 
on  until  the  project  is  completed. 

Construction  bids  grow  out  of  engineering 
activity. 


Fig.  4-2.  Complicated  models  sometimes  are  made  to 


help  in  the  making  of  management  decisions. 
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Organizing 

The  second  major  category  of  manage- 
ment is  organizing.  This  involves  the  ac- 
tivities of  structuring  and  supplying  the 
organization. 


Organizing 


—Structuring  (forming) 
—Supplying  (men  and  materials) 


The  construction  contractor,  for  example, 
must  plan,  structure,  or  form  his  organiza- 


Fig.  4-3.  Some  managers  work  on  the  site. 


tion.  This  means  he  must  have  men  and 
materials  to  do  each  job.  He  forms  or 
structures  his  company  by  deciding: 

1.  What  work  is  to  be  done, 

2.  What  workers  will  do  it,  and 

3.  When  and  where  they  will  do  it. 

Following  through  with  the  example  of 

the  contractor,  he  must  next  supply  his 
structured  organization  with  workers, 
tools,  and  materials.  He  may  obtain  workers 
from  a union  hall  or  simply  “off  the  bank” 
(anyone  that  is  around  and  available).  He 
owns  or  rents  special  tools.  He  buys  ma- 
terials from  the  concrete  plant  or  the  lum- 
ber yard.  He  may  subcontract  the  plumbing 
or  electrical  work.  He  directs  men,  ma- 
terials, and  subcontractors  to  get  the  job 
done  as  planned  by  the  engineers. 


Controlling 

The  third  major  category  of  management 
is  controlling.  Controlling  includes  the  ac- 
tivities of  directing,  monitoring,  reporting, 
and  correcting. 


Controlling 


—Directing 

—Monitoring 

—Reporting 

—Correcting 

Workers  must  be  supervised.  Men  and  ma- 
terials must  be  coordinated.  This  is  called 
directing,  and  it  helps  get  the  work  done. 
All  managers  are  supervisors  to  some  de- 
gree, but  on  the  construction  job  the  fore- 
man is  the  key  man.  Fig.  4-3.  He  directs  the 
men  in  their  work  with  proper  tools,  equip- 
ment, and  materials. 
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Monitoring  means  that  the  foreman  over- 
sees the  work  and  makes  sure  it  is  going 
smoothly.  He  is  a monitor.  The  architect 
and  the  engineer  are  monitors  because  they 
keep  a constant  check  on  the  work  in  the 
field.  The  building  inspector  checks  to  make 
sure  all  building  codes  (laws)  are  being 
followed.  He  is  a monitor.  Men  who  take 
inventory  of  supplies  and  materials  are 
doing  monitoring.  The  timekeeper  is  a 
monitor.  However,  monitoring  is  often  done 
by  machines  and  not  by  men.  A time  clock 
with  punch-in  and  out  cards  is  an  example 
of  monitoring  by  machines.  Monitoring 
means  making  sure  the  work  is  being  done 
according  to  plan. 

Reporting  is  the  feedback  of  information 
about  the  work  which  is  given  to  persons 
in  responsible  positions.  Some  reports  show 
that  all  is  going  well.  Other  reports  show 
that  something  is  wrong  and  that  changes 
are  needed.  Inspectors  may  find  that  elec- 
trical wiring  does  not  meet  the  building 
codes  of  the  area.  The  foreman  may  see 
that  the  materials  are  of  poor  grade  and 
report  this  fact  to  the  contractor. 

Correcting  completes  the  cycle  of  con- 
trolling. Changes  are  made  by  responsible 
persons  if  the  work  is  not  going  according 
to  plan.  Correcting  may  mean  only  that  the 
foreman  tells  the  carpenter  to  use  a 12 
penny  nail  rather  than  the  smaller  8 penny 
nail.  Correcting  sometimes  involves  replan- 
ning on  the  part  of  the  architect  or 
engineers. 


Many  Persons  Perform 
Management  Activity 

The  examples  given  in  this  lesson  have 
shown  that  there  are  many  persons  in  con- 
struction management.  Managing  is  done 
by  many  different  persons  with  special 
duties  at  different  levels  of  authority,  Fig. 
4-4.  We  have  seen  that  the  owner  or  client 
is  involved  in  management  activity.  The 
contractor  is  a businessman,  builder,  and  a 
manager.  The  architect  and  the  engineer  do 


Pig.  4-4.  Some  managers  work  in  offices. 

most  of  the  planning  and  controlling  of 
construction  jobs.  Building  inspectors  per- 
form management  activity.  The  supervisor 
and  foreman  take  part  in  management.  In 
fact,  each  production  worker  is  perform- 
ing the  management  activity  of  controlling. 
An  example  is  the  carpenter  who  measures, 
lays  out,  and  checks  his  work  against  a 
plan.  However,  he  may  not,  technically, 
be  a manager  because  he  is  not  “getting 
work  done  through  other  people.” 


Summary 

Many  persons  in  construction  perform 
management  activities.  Three  major  man- 
agement functions  in  construction,  as  in  all 
human  activity,  are  (1)  planning,  (2) 
organizing,  and  (3)  controlling.  They  do 
not  have  to  take  place  in  any  special  order. 
They  often  take  place  at  the  same  time. 
Planning,  orga,nizing,  and  controlling  each 
have  several  subactivities. 

Your  next  lesson  begins  the  management 
story.  Someone  must  first  get  things  going 
by  formulating.  Formulating  is  one  part  of 
the  larger  activity  of  planning.  Planning  is 
one  part  of  the  larger  activity  of  managing. 
As  you  read  this  textbook,  try  to  think  how 
each  activity  relates  to  the  others. 


22 


The  World  of  Construction 


i 


! 


Terms  to  Know 


Think  About  It ! 


management 

managing 

specifications 

category 

planning 

a.  formulating 

b.  researching 

c.  designing 

d.  engineering 
subcontract 
draftsman 


controlling 

a.  directing 

b.  monitoring 

c.  reporting 

d.  correcting 
monitor 
building  code 
involve 
organizing 

a.  structuring 

b.  supplying 


1.  For  a class  party  at  school,  what 
planning,  organizing,  and  controlling 
tasks  would  each  of  these  committees 
have? 

a.  Food  comniittee 

b.  Decorating  committee 

c.  Entertainment  committee 

2.  Name  some  of  your  activities  that  fit 
into  each  research  category. 

a.  Retrieving  (What  was?) 

b.  Describing  (What  is?) 

c.  Experimenting  (What  will  be?) 


I Beginning 

I the  Project 


Everything  that  has  ever  been  con- 
structed in  the  world  was  begun  because 
someone  needed  it  or  wanted  it  to  be  built. 
The  man  who  has  the  idea  and  who  gets  a 
project  started  is  said  to  begin  (initiate) 
the  construction,  Fig.  5-1.  He  is  called  the 
initiator.  After  the  initiator  takes  the  first 
step,  he  or  someone  else  needs  to  decide 
whether  the  project  can  and  should  be  built. 
Information  is  collected  and  studied.  A de- 
cision based  on  the  information  then  is  made 
to  go  ahead  with  the  project,  to  delay  it,  or 
to  forget  it. 


Initiating  Public  and  Private  Projects 

Projects  may  be  of  two  kinds.  First,  there 
are  those  which  are  publicly  owned  such  as 
schools  or  state  highways.  Second,  there  are 
privately  owned  projects  such  as  the  house 
in  which  you  live  or  television  stations.  The 
procedure  for  starting  or  initiating  a public 
project  is  somewhat  different  from  that  for 
a private  project.  Figs.  5-2  and  6-3. 

Public  projects  may  be  small  or  large.  An 
example  of  a small  public  project  would  be 
building  a sidewalk  in  front  of  a school.  This 
would  cost  only  a few  hundred  dollars.  An 
example  of  a large  public  project  is  the  de- 
velopment of  the  vast  Mississippi  River 
system  for  fiood  control  and  water  transpor- 
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Fig,  5-2.  As  an  example  of  a public  project  we  see 
a state  highway  being  constructed. 
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Fig.  5-1.  This  man,  the  initiator,  has  a vision  of  a 
finished  project  on  a particular  site. 
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tation.  This  project  has  cost  billions  of  dol- 
lars since  it  began  in  1824,  Fig.  6-4.  Regard- 
less of  project  size,  the  steps  for  starting 
most  projects  are  much  the  same.  This  is 
true  even  though  they  may  take  many  years 
to  complete  and  be  very  difficult — especially 
if  they  are  major  public  works. 

First,  an  initiator  has  to  see  the  need  for 
something  to  be  built.  An  initiator  may  be 
anyone — either  a private  citizen  or  a public 
official.  Not  only  must  an  initiator  see  the 
need  for  a project,  but  he  must  also  do 


Fig.  6-3.  Utility  lines  are  being  installed  as  part  of  a 
private  project. 
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Fig.  5*4.  This  is  an  aerial  view  of  a portion  of  the 
Mississippi  River  Hood  control  and 
transportation  system. 


something  about  it  to  get  things  going.  This 
second  step  of  “doing  something”  usually 
means  pointing  out  this  need  to  others  and 
getting  them  to  support  the  project.  Fig.  5-5. 

For  public  projects,  the  initiator  and  those 
who  agree  with  him  that  there  is  a need  for 
the  project  then  make  the  need  known  to 
public  officials  such  as  city  councilmen, 
county  commissioners,  or  members  of  legis- 
latures. Sometimes  the  initiator  passes 
around  petitions  (requests  for  the  project) 
and  gets  other  interested  citizens  to  sign 
them  to  show  their  support.  Often  a public 
official  will  call  a meeting,  called  a public 
hearing,  where  the  project  is  discussed  and 
at  which  the  desires  of  those  who  are  in- 
terested are  made  known.  Usually,  at  the 
public  hearing,  the  initiator  will  try  to  point 
out  good  reasons  for  building  the  project. 
The  initiator  must  work  very  hard  to  get  a 
project  going  until  final  approval  is  given 
and  until  the  money  is  made  available  for 
the  project. 

Usually,  the  agency  of  the  government 
which  is  in  charge  of  a particular  project 
takes  over  and  gets  the  job  done  once  the 
project  is  approved  and  there  is  money  to 
build  it.  The  initiator  may  not  take  any  fur- 
ther active  part  in  buying  the  property, 
preparing  the  plans,  and  the  actual  construc- 
tion. Whoever  awards  the  contract  for  the 
actual  construction  usually  is  called  the 
owner  of  the  project.  In  public  works,  the 


Fig.  5-5.  An  initiator  is  discussing  a project  with  his 
staff. 
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owner  generally  is  a governmental  agency 
such  as  a state  highway  department  or  a 
city  park  commission. 

In  private  as  in  public  projects,  the  initia- 
tor is  the  man  who  has  the  idea  and  who 
does  something  about  it.  However,  in  private 
projects,  the  initiator  and  the  owner  usually 
are  the  same  person.  The  initiator  of  a pri- 
vate project  usually  wants  something  for 
himself.  In  the  public  project,  the  want  is  a 
bit  less  personal — it  is  for  the  community  or 
the  region  as  well  as  for  the  initiator. 

The  initiator  of  a private  project  wants 
something  built  that  he  or  his  company  can 
use  for  themselves  or  that  he  or  his  com- 
pany can  use  for  the  purpose  of  making 
money.  For  example,  a man  might  want  to 
build  a house  in  which  to  live.  Or  he  might 
want  to  build  a house  which  he  can  sell  at 
a higher  price  than  it  cost  him  to  build  so 
he  can  make  money  on  it.  Perhaps  the  ini- 
tiator wants  to  build  a garage  in  which  he 
can  make  money  by  repairing  automobiles. 
Or  he  may  have  an  idea  that  his  company 
should  build  a new  plant  to  produce  some- 
thing which  is  needed  in  a certain  area. 
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Fig.  5-6.  An  initiator  is  making  o proposal  to  an 
executive  of  o private  company. 


For  the  private  project,  the  initiator  who 
is  building  for  himself  must  either  have 
money  in  hand  or  convince  people  who  lend 
money  that  they  should  put  their  money  in 
or  invest  in  his  project.  If  he  works  for  a 
manufacturing  company,  he  must  convince 
the  executives  or  the  owners  of  the  company 
that  the  project  should  be  constructed.  Fig. 
6-6.  Unlike  the  initiator  of  a public  project, 
the  initiator  of  a privately  owned  project 
does  not  have  to  gain  public  support  for  his 
project.  However,  his  project  must  follow 
public  laws  and  regulations. 


Questions  to  be  Answered 

If  the  initiator  has  proved  the  need  for 
either  a public  or  a private  project,  there 
are  many  questions  to  be  answered.  First, 
can  the  project  really  he  huilV.  The  need 
for  the  Panama  Canal  was  known  for  almost 
400  years  before  the  worker  welfare,  engi- 
neering, and  earth-moving  problems  could 
be  solved ! We  cannot  build  a highway  bridge 
across  the  Atlantic  Ocean.  Even  if  we  could 
build  it,  it  would  cost  so  much  that  it  would 
bankrupt  every  country  on  earth.  The  point 
is  that  workers,  technical  skill,  money,  and 
time  are  all  needed  in  building  a project.  If 
we  don’t  have  them,  the  project  cannot  be 
built. 

Second,  if  the  project  can  be  built,  will  it 
workt  If  a hydroelectric  power  plant  is  to 
be  built,  there  must  be  enough  water  to  keep 
the  generators  turning.  If  there  is  not  enough 
water,  it  will  not  be  a workable  facility. 

Third,  ts  the  project  the  best  kind  of 
project  to  meet  the  needl  As  an  example, 
suppose  that  a bridge  is  to  be  built  across 
a river  used  by  boats.  Someone  has  to  de- 
cide if  the  need  is  best  met  by  building  a 
bridge  high  enough  so  that  the  boats  may 
pass  under  it  or  if  the  need  might  be  met 
better  if  the  bridge  would  swing  or  lift  out 
of  the  path  of  the  boats.  A tunnel  might  be 
even  more  efficient.  All  the  possible  ways 
of  doing  things  should  be  looked  at  to  find 
the  best  answer  before  a project  is  started. 


; 
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Fig.  5-7.  Would  you  consider  it  feasible  to  build 
these  buildings  in  your  community? 


Fig.  5-8.  An  engineer  studies  blueprints  of  ottier 

similar  projects  to  determine  the  feasibility 
of  the  owner's  project. 


Fourth,  will  the  project  add  to  the  well- 
being  of  a community  or  make  money  for  a 
company  1 The  wrong  project  may  result  in 
the  waste  of  millions  or  even  billions  of  dol- 
lars. Even  a large  corporation  can  be  forced 
out  of  business  by  a project  which  never 
should  have  been  built  or  which  was  built  in 
the  wrong  place  or  in  the  wrong  way.  On  the 
other  hand,  a good  project  means  economy 
in  government  or  profit  and  success  in 
business. 

Someone  has  to  find  the  answer  to  these 
questions.  There  may  be  several  thousand 
different  ways  a project  can  be  built.  Even 
to  build  a house  on  a lot  100'  by  100',  there 
are  thousands  of  different  houses  which 
might  be  constructed.  Who  is  the  person  who 
answers  the  questions? 

1.  He  may  be  a regular  employee  of  a 
government  agency  or  a company. 

2.  He  may  be  someone  hired  by  the  gov- 
ernment agency  or  company. 

3.  He  may  be  the  owner  or  contractor. 

To  get  the  answers,  this  person  must 
study  the  project.  Such  a study  will  tell 
whether  or  not  it  is  a good  idea  to  build  the 
project,  Fig.  5-7.  If  it  is  a good  idea,  the 
project  is  said  to  be  feasible  (practical).  The 
study  itself,  which  determines  whether  or 
not  the  project  is  feasible,  is  called  a feasi- 
bility study,  Fig.  6-8. 


The  Feasibility 

If  the  owner  or  contractor  needs  special 
help  in  making  a feasibility  study,  he  hires 
specialists  who  are  called  consultants  (ad- 
visors). Large  construction  firms  may  have 
& regular  staff  of  consultants.  Smaller  firms 
hire  independent  consultants  v/ho  work  for 
many  firms.  Fig.  5-9.  The  four  tires  of  con- 
sultants are; 

1.  Financial, 

2.  Management, 

3.  Technical,  and 

4.  Public  relations. 
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Whether  a feasibility  study  is  made  by 
the  owner,  the  contractor,  regular  employ- 
ees, or  an  outside  consultant,  there  are  cer- 
tain things  that  are  done  in  a feasibility 
study.  First  an  outline  of  all  reasonable  al- 
ternatives (different  ways  of  building  the 
project)  is  made.  For  example,  if  a road 
leads  to  a river,  should  a ferry  boat  or  a 
bridge  carry  the  traffic  across  the  river?  If 
a bridge  is  best,  what  kind  of  a bridge  should 
it  be  and  where  should  it  be  put? 


Fig.  5>9.  Consultants  spend  much  time  discussing  the 
feasibility  of  a project. 


Second,  many  facts  are  found  by  research 
and  by  visiting  the  site.  Maps  are  collected 
and  surveys  are  made.  Holes  are  drilled  into 
the  ground  to  see  what  kind  of  soil  is  under 
the  surface.  The  location  of  roads  and  utili- 
ties is  checked,  and  the  kinds  of  transporta- 
tion which  may  be  used  are  checked.  Every- 
thing that  has  to  do  with  the  project  is 
found  out  and  collected. 

Third,  the  facts  that  are  gathered  are 
studied.  Cost,  time,  and  the  usefulnesa  or 
value  of  the  project  all  are  considered. 

Fourth,  exact  recommendations  are  made 
such  as: 

1.  The  project  should  not  be  built  at  all, 

2.  The  airport  should  be  built  at  this  ex- 
act place,  or 

3.  A new  plant  to  make  furniture  should 
be  constructed  close  to  Newville. 


The  Decision 

After  the  feasibility  study  has  been  made 
and  given  to  the  owner,  a decision  is  made 


Fig.  5<10.  This  bridge  could  not  be  built  until 

industrial  technology  mode  its  construction  Fig.  5-11.  This  completed  bridge  is  the  end  product 
feasible.  of  an  initiator's  dream. 
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about  whether  or  not  to  go  ahead  with  the 
project.  A further  decision  usually  is  made 
about  the  general  nature  of  the  project.  For 
example,  a decision  may  be  made  to  build 
a road  on  the  south  side  of  the  river  rather 
than  on  the  north  side.  These  decisions  usu- 
ally are  made  at  the  highest  level  fn  the 
organization.  In  the  case  of  a public  project, 
the  decision  is  made  by  the  governing  body. 
In  the  case  of  a corporation  thinking  of 
building  a new  plant,  the  board  of  directors 
makes  the  decisions. 


Summary 

This  assignment  has  covered  how  projects 
are  begun  and  has  shown  some  of  the  ques- 
tions to  be  answered  before  deciding  whether 
a project  can  or  should  be  built.  The  major 
questions  to  be  answered  and  the  use  of  fea- 
sibility studies  made  by  the  owner,  contrac- 
tor, by  their  regular  employees,  or  by  outside 
consultants  also  was  discussed.  This  assign- 
ment should  help  you  understand  how  the 
final  decision  to  build  or  not  to  build  is  made. 
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Terms  to  Know 

public  hearing 

petition 

feasible 

feasibility  study 

initiator 

survey 

Think  About  It ! 


utilities 

consultant 

corporation 

recommendation 

bankrupt 

hydroelectric 


1.  Suppose  that  a friend  of  yours  wants  to 
have  the  community  build  a recreation 


center  for  teen-age  boys  and  girls.  He  is 
thinking  of  bowling  alleys,  billiard  tables, 
and  a gymnasium. 

a.  What  would  be  important  reasons  for 
spending  public  funds  to  build  this 
project? 

b.  If  it  is  planned  as  a private  project, 
who  might  provide  the  money,  and 
why? 

2.  To  help  decide  if  a recreation  center  is 
feasible,  what  else  would  your  friend  need 
to  find  out? 


The  initiator  (or  project  starter)  takes 
the  needed  steps  to  begin  a project.  Next,  a 
feasibility  study  is  made  to  find  out 
whether  or  not  the  project  can  or  should  be 
built.  Then  a site  (location  for  the  con- 
struction) is  selected  and  obtained. 


Importance  of  the  Site 

A good  site  is  a key  to  the  success  of  a 
project.  The  selection  of  ihe  best  site  avail- 
able for  the  purpose  usually  means  (1)  the 
lowest  overall  cost  and  (2)  the  highest 
amount  of  usefulness.  For  these  reasons, 
selecting  a site  is  done  with  great  care 
after  a long  and  detailed  study,  Fig.  6-1. 
For  example,  the  route  for  the  second 
Panama  Canal  has  been  under  study  for 
over  40  years. 

One  other  reason  for  careful  study  is  that 
once  a location  is  selected,  the  site  cannot 
be  moved.  Many  sites  for  state  capitals 


Fig.  6*1.  This  picture  shows  a logical  site  for  a dam. 


Selecting  a Site 

were  chosen  from  100  to  250  years  ago. 
They  are  now  in  the  wrong  place  for  to- 
day’s distribution  of  population.  Fig.  6-2. 
Our  national  capital,  once  in  the  center  of 
population,  is  now  more  than  1,000  miles 
from  many  population  centers  such  as 
Dallas,  San  Francisco  and  Chicago.  Yet  so 
much  money  has  been  spent  on  these  sites 
that  it  would  be  too  expensive  to  move  them 
to  a better  location. 


Who  Selects  the  Site 

Sites  are  always  approved  by  top  man- 
agement in  corporations  or  in  government 
agencies.  Fig.  6-3.  If  the  owner  is  one  per- 
son, the  owner  has  the  final  say  about  the 
site  for  a project.  The  recommendation  (a 
suggested  decision)  for  a certain  site  gen- 
erally is  made  as  part  of  the  feasibility 
study  which  is  made  by  the  owner,  the 
owner’s  staff,  or  a hired  consultant.  During 


Fig.  6>3.  Top  management  approves  a site  for  a 
proposed  project. 
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18-44  per  square  mile 


PopuloHoo  Demlty  1960 

90  and  over  inhabitants  per  square  mile 


6*17  per  square  mile 
□ 5 and  under  per  square  mOe 


45-90  per  square  mOe 
1844  per  square  mOe 

Fig.  6-2.  Population  density  from  year  1800  to  1960. 
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this  study  many  sites  may  be  considered. 
Generally,  information  about  each  site  is 
collected.  Then  the  most  promising  sites 
are  visited.  After  this,  the  choice  is  cut 
down  to  a few  sites  which  are  examined  in 
detail.  From  these  few,  one  is  recommended 
to  top  management  or  to  the  owner  who 
then  makes  the  final  choice. 


Criteria  for  Selecting  a Site 

Criteria  are  rules  or  tests  by  which 
something  is  judged.  The  exact  criteria  for 
choosing  a site  depend  on  the  kind  of 
project  to  be  built.  A site  for  a canal  would 
have  different  criteria  for  selection  than 
would  a site  for  a railroad.  Many  criteria 
are  used  in  site  selection. 

Perhaps  the  most  important  of  all  cri- 
teria for  choosing  a site  is  the  usefulness 
of  the  location  for  the  intended  purpose  of 
the  project,  Fig.  6-4.  The  site  which  best 
serves  the  purpose  of  the  project  is  the  one 


Fig.  6-4.  The  best  site  available  for  a project  is 
selected. 


which  should  be  selected,  even  though  the 
land  or  construction  cost  at  other  sites  may 
be  cheaper.  Even  though  land  and  con- 
struction might  cost  less  on  the  edge  of  a 
community,  a bank  should  locate  near  the 
business  center  of  a city  where  it  is  needed. 

Whether  or  not  the  site  is  available  is 
important.  There  are  usually  many  good 
sites,  but  they  may  already  be  in  use  by 
someone  else  or  may  be  owned  by  someone 
who  does  not  want  to  sell. 

As  criteria  for  a site,  a market  for  the 
products  or  a public  need  must  be  present. 
For  example,  a factory  making  snow 
shovels  probably  would  be  located  in  the 
North  and  not  in  Florida. 

There  must  be  a supply  of  labor  for  con- 
struction, for  operating,  and  for  maintain- 
ing the  structures  to  be  built.  Not  only  must 
there  be  labor,  but  the  workers  must  have 
the  skills  needed.  Fig.  6-5.  Places  where 
labor  contracts  have  a history  of  being 
broken  by  “wildcat”  strikes  (sudden  stop- 
ping of  work)  often  are  not  chosen  as  sites. 


Fig.  6-5.  There  must  be  an  abundance  of  labor  to 
construct  the  project. 
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A good  community  environment  is  im- 
portant in  selecting  a site,  Fig.  6-6.  Most 
companies  like  to  go  where  they  are  wel- 
comed. Good  schools  for  children  of  the 
company’s  employees  are  wanted.  If  the 
company  employs  large  numbers  of  scien- 
tific personnel,  it  may  wish  to  be  near  one 
or  more  universities.  Good  facilities  for 
recreation  also  are  important.  Also,  many 
companies  want  things  like  donations  of 
sites,  long-term  low-interest  loans,  provi- 
sion of  utilities,  and  favorable  tax  treat- 
ment. 

There  must  be  transportation  to  and 
from  a site.  If  a company  makes  large. 


bulky  materials,  it  will  want  railroads, 
good  highways,  and,  sometimes,  waterways. 
Fig.  6-7.  If  a company  ships  most  of  its 
products  by  air  or  if  its  personnel  travel 
a great  deal,  it  will  try  to  locate  near  a 
city  with  airline  service. 

Utilities  are  important  for  all  kinds  of 
projects.  A good  supply  of  clean,  pure, 
fresh  water  is  needed.  Most  industry  needs 
large  amounts  of  water  for  processing, 
heating,  cleaning,  drinking,  and  cooling. 
For  this  reason,  as  well  as  for  water  trans- 
portation, heavy  industry  and  electric 
power  plants  often  look  for  sites  on  major 
waterways.  Sewage  treatment  and  water 


Fig.  6-6.  A good  community  environment  i$  importont  for  a new  industry. 
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Fig.  6-7.  A good  industrial  site  has  to  have  gaad 
transportatian  facilities.  Here  we  see  an 
example  af  a waterway,  a railway,  and  a 
highwoy. 


Fig.  6-8.  Utilities  such  as  water  and  electricity  are 
essential  in  mast  site  selections. 


disposal  utilities  are  needed,  Fig.  6-8. 
Nearly  all  projects  need  some  electric 
power.  Some  manufacturing  processes  need 
large  amounts  of  low-cost  electricity.  There- 
fore, many  plants  locate  near  sources  of 
hydroelectric  power.  Communications  like 
telephone,  telegraph,  and  teletype  services 
must  meet  the  needs  of  the  project.  Some 
industries  need  large  amounts  of  natural 
gas  or  petroleum  and,  therefore,  locate 
near  pipelines. 

Ratv  material  availability  is  often  a 
major  factor  in  selecting  a site.  Cement 
plants  are  usually  near  limestone  quarries. 
Pljrwood  plants  are  near  forests. 

A suitable  climate  also  is  desired.  Certain 
manufacturing  processes  need  either  a dry 
or  a wet  climate.  Other  processes  require 
high  or  low  temperatures.  Some  others 
must  stay  away  from  areas  where  tempera- 
tures are  extremely  high  or  low. 

The  physical  characteristics  of  the  site 
itself  are  quite  important.  These  include 
drainage,  the  amount  of  site  preparation 
needed,  subsurface  conditions,  and  the  size 
of  the  site.  Subsurface  conditions  tell  if  the 
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Fig.  6-9.  Good  physical  conditions  moke  the  project 
easier  and  cheaper  to  complete. 
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ground  or  the  underlying  rock  will  hold  up 
the  structures  needed  for  the  project  with- 
out very  expensive  foundations.  There  must 
be  enough  land  for  all  the  features  of  the 
project,  Fig.  6-9.  Whether  or  not  roads, 
bridges,  power  lines,  and  underground 
utilities  have  to  be  moved  and  how  much 
these  will  cost  also  are  important 

Land  restrictions  sometimes  prevent  the 
use  of  a good  site.  Zoning  laws,  one  type  of 
land  restriction,  have  been  passed  in  many 
places.  These  laws  tell  what  kind  of  build- 
ing can  be  placed  in  each  location  or  on 
each  block.  The  purpose  of  these  laws  i.s  to 
prevent  a **mixed-up”  community  in  which 
factories  are  built  among  residential  houses. 
Usually,  zoning  laws  divide  a city  into 
residential,  business,  and  industrial  areas. 
Any  site  selected  must  be  in  an  area  with 
the  right  zoning.  Fig.  6-10. 

Local  taxes  play  an  important  part  in 
selecting  a site.  Sometimes  property  taxes, 
sales  taxes,  or  income  taxes  are  so  great 
that  it  is  not  wise  to  build  a project  in  an 
area. 

All  of  the  above  criteria  for  sr-iecting  a 
site  are  looked  at  in  terms  of  (1)  cost  of 
construction,  (2)  cost  of  operation  and 
maintenance  of  the  completed  project,  or 
(3)  cost  per  unit  of  production.  The  site 
which  best  can  meet  the  needs  of  the  project 
at  the  least  cost  is  generally  the  one 
selected. 


Acquiring  a Site 

Once  the  site  is  selected,  steps  must  be 
taken  to  buy  it  or  to  acquire  it.  Sometimes 
this  is  easy  and  takes  only  a few  days.  Gen- 
erally, it  takes  much  longer.  In  the  case  of 
one  office  building  in  New  York  City,  it 
took  almost  60  years.  Some  of  the  owners  of 
the  property  on  which  the  building  was  to 
be  erected  insisted  on  very  high  prices  for 
their  land.  Also,  some  of  the  properties 
were  owned  by  two  or  more  people  who  did 
not  agree  upon  how  the  property  was  to  be 
sold. 


TOWN  OF 

WILLVILLE 
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IN  EFFECT 


PERMITS  REQUIRED 


Fig.  6-10.  Some  communities  hove  land  restrictions 
and  zoning  lows. 


The  two  general  ways  of  acquiring  real 
estate  are  (1)  negotiation  and  (2)  condem- 
nation. Negotiation  begins  when  the  buyer 
and  the  seller  talk  to  each  other.  They  may 
reach  an  agreement  as  to  price,  the  date  on 
which  the  property  will  change  hands,  and 
what  portion  of  the  existing  property,  if 
any,  the  seller  may  remove.  For  example,  a 
buyer  and  a seller  might  negotiate  the  sale 
of  a house  on  the  following  terms : the  price 
to  be  $20,000,  the  seller  to  vacate  or  be  out 
of  the  house  on  April  1,  and  the  seller  to 
leave  the  draperies  but  take  the  electric 
dishwasher.  Sometimes  the  buyer  and  the 
seller  talk  directly  to  each  other.  Often  they 
may  have  other  people,  usually  realtors 
(real  estate  agents),  negotiate  for  them. 

Negotiating  an  agreement  between  a 
buyer  and  seller  is  by  far  the  better  way 
to  acquire  real  estate.  Both  parties  usually 
are  satisfied  with  the  arrangements  made. 
For  this  reason,  negotiation  is  used  more 
often  than  condemnation. 

Condemnation  may  have  to  be  used  when 
public  projects  need  one  or  more  pieces  of 
land.  There  has  to  be  a way  by  which  a 
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single  owner  of  one  piece  of  property  can- 
not stop  the  project  from  being  built  by  a 
stubborn  refusal  to  sell  or  by  asking  too 
high  a price.  In  such  cases,  governmental 
units  like  federal,  state,  county,  and  city, 
governments  have  what  is  called  the  “power 
of  eminent  domain.”  This  is  the  right  to 
take  or  condemn  real  property  for  public 
purposes  even  against  the  objection  of  the 
owner.  This  taking  process  is  called  “con- 
demnation.” However,  even  though  a prop- 
erty is  taken  away  from  its  owner  against 
his  will,  the  United  States  Constitution  and 
all  state  constitutions  require  that  the 
owner  must  be  paid  a fair  price  for  his 
property.  Many  utility-type  corporations 
such  as  railroads,  pipelines,  and  telephone 
companies  also  have  a limited  power  of 
eminent  domain  when  property  is  needed 
for  their  purposes. 

Condemnation  of  property  is  very  un- 
popular, and  those  who  have  this  power 
generally  try  to  negotiate  with  the  owner. 
If  negotiations  result  in  a disagreement 
over  price,  the  matter  is  taken  into  court 
where  the  amount  is  fixed  in  what  are  called 
“condemnation  proceedings.”  These  pro- 
ceedings also  are  used  when  the  owners 
cannot  be  found  or  when  there  are  problems 
with  the  title  to  the  property.  Fig.  6-11. 


Rg.  6-11.  A condemnofion  proceeding  is  held  in  o 
court  of  low  to  secure  o needed  site. 


Summary 

This  assignment  has  covered  how  the  site 
is  selected  and  acquired.  Typical  criteria  for 
site  selection  are;  (1)  will  it  be  useful,  (2)  is 
it  available,  (3)  are  contractors  and  labor 
available  nearby,  and  (4)  are  transportation 
and  utilities  handy? 

Sites  are  usually  acquired  through  negoti- 
ation. ^Vhen  this  does  not  work  and  public 
needs  demand  that  the  site  be  used,  the 
property  may  be  taken  by  condemnation. 

TTie  next  assignment  tells  about  how  the 
outside  limits  of  the  property  are  determined 
and  about  some  of  the  legal  steps  taken  when 
property  for  a project  is  bought. 


Terms  to  Know 

site 

criteria 

raw  materials 

pipelines 

restrictions 

residential 

zoning  laws 
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domain 


Rg.  6-lZ  A complete  community  has  been  planned 
by  a group  of  city  planners. 
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Think  About  It! 

1.  Electric  power  is  one  of  the  general 
needs  for  almost  all  construction  proj- 
ects. Name  some  other  general  needs 
that  people  must  keep  in  mind,  in  decid- 
ing where  to  build  the  following  projects. 

a.  A new  airport 

b.  A shopping  center 

c.  A factory 


Suppose  that  you  are  negotiating  to  buy 
a garage  where  auto  bodies  are  repaired 
and  customized.  Name  several  things 
that  you  and  the  seller  must  agree  on 
before  you  buy  this  garage. 

If  you  only  want  to  buy  the  site  and 
have  no  need  for  the  garage  building  or 
equipment,  how  will  this  affect  the  nepo- 
tiationl  For  example,  is  the  land  worth 
more  to  you  with  the  building  or  with- 
out it? 
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Real  Estate 


The  last  assignment  told  about  selecting 
a site  for  a project  This  assignment  tells 
how  the  outside  boundaries  or  edges  of  a 
site  are  found.  You  will  also  study  the  steps 
that  are  followed  for  changing  owners  of 
land. 


History  of  Land  Holdings 

To  understand  how  land  is  divided  in  the 
United  States  today,  it  is  helpful  to  look  at 
the  history  of  its  land  holdings.  When  the 
United  States  was  settled,  the  land  was 


Fig.  7.1.  land  in  the  United  States  was  first  acquired 
from  the  Indians, 


bought  or  otherwise  acquired  from  the  In* 
dians,  Fig.  7-1.  Most  of  it  became  the  prop- 
erty of  the  kings  of  the  colonial  powers 
(England,  France,  Spain,  Holland,  and  Swe- 
den). These  kings  made  grants  (gave  away 
the  land)  to  certain  of  their  people — usually 
those  who  had  come  to  the  New  World. 
These  grants  divided  the  land  into  large 
pieces.  Some  of  the  land  grants  were  as  big 
as  states  as  we  know  them  today. 

During  the  Colonial  Era  (1492-1776),  the 
persons  receiving  the  grants  (grantees)  and 
their  heirs  (those  who  were  given  the  land 
after  the  death  of  the  grantees),  decid^  to 
sell  or  give  away  most  of  their  land  holdings. 
The  persons  who  first  got  the  land  and. their 
heirs  have  divided  it  into  smaller  pieces 
many  times  over.  Today  there  are  millions  of 
landowners  of  the  original  pieces  of  land. 
These  are  called  parcels  or  tracts  of  land 
and  are  owned  either  by  some  person,  com- 
pany, or  by  the  government. 

After  the  United  States  was  formed  and 
while  the  United  States  was  getting  more 
land,  such  as  the  Louisiana  Purchase  of 
1803,  the  federal  government  took  title  to 
all  the  land  held  by  the  foreign  powers  and 
much  of  the  land  which  was  given  to  the 
first  people  who  settled  here.  Some  of  this 
land  then  was  sold  or  given  away.  Today, 
the  government  still  owns  one-third  of  all  the 
land.  (Srovemment  land  is  of  two  types.  The 
government  has  developed  some  land  such 
as  parks,  the  sites  for  post  offices,  and  mili- 
tary bases.  The  balance  is  undeveloped  land 
which  has  never  been  sold  or  developed  land 
which  has  been  returned  to  the  government 
for  nonpayment  of  taxes.  Fig.  7-2.  Most  of 
the  undeveloped  land  is  in  the  Rocky  Moun- 
tains of  the  West  and  in  Alaska. 
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Records 

Because  there  are  millions  of  parcels  of 
land,  there  is  a need  for  a system  of  perma- 
nent records  telling  just  who  owns  each  piece 
of  land.  Records  are  used  to  show  the 
boundaries  (outside  lines)  of  each  piece  of 
land.  Such  records  of  land  ownership  gen- 
erally are  kept  in  county  courthouses  by  a 
person  called  a county  registrar  (recorder 
of  deeds),  Figs.  7-3  and  7-4.  Included  in 
these  records  are  both  the  present  and  past 
owners,  the  dates  of  acquisition  and  trans- 
fers of  title,  tax  information,  the  location  of 
the  land,  sometimes  with  plats  or  maps,  and 
even  all  past  titles,  deeds,  and  mortgages. 

A legal  description  tells,  in  words,  what  is 
included  in  a piece  of  land.  There  are  many 
kinds  of  legal  descriptions.  However,  most 
of  them  are  similar  to  one  of  the  three  ex- 
amples which  follow. 

The  first  example  of  a legal  description  is : 

Lot  74  of  Libby  Heights,  a subdivision 
as  per  plat  recorded  in  Plat  Book  ‘E*, 
page  92,  of  the  public  records  of 
Alachua  County,  Florida. 


Fig.  7-2.  An  example  of  undeveloped  government 
land  is  shown  here. 
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Fig.  7-3.  This  photograph  shows  a county  courthouse 
where  records  of  land  ownerships  generally 
ore  kept. 


Fig.  7-4.  Here  we  see  o county  registrar  working  in  o 
county  courthouse. 
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A subdivision  is  an  area  of  land  which  is 
divided  up  into  smaller  sized  lots.  The  small 
lots  may  be  easier  to  sell  or  improve.  In  this 
case,  the  Libby  Heights  Subdivision  consists 
of  five  blocks  of  land  divided  up  by  the  land 
developer  into  lots  about  100'  by  100'.  Each 
lot  is  numbered  so  that  it  can  be  located 
easily  at  the  county  seat  The  map  or  plat 
of  the  subdivision  shows  the  exact  bounda- 
ries of  each  lot  in  the  subdivision. 

A second  example  of  a legal  description 
follows: 

Beginning  at  a concrete  and  steel  monu- 
ment located  40.1  feet  south  and  63.2 
feet  west  of  the  intersection  of  the 
center  lines  of  Lexington  Avenue  and 
Elm  Street  in  the  Town  of  Norwich, 
County  of  Northfield,  State  of  New  Jer* 
sey,  thence: 

South  4"  3'  east  along  the  westerly  line 
of  Elm  Street  for  a distance  of  237.3 
feet  to  an  iron  pin;  thence; 

South  86°  54’’  west  for  a distance  of 
109.7  feet  to  the  center  of  a 4'  concrete 
post;  thence.  . . ; 

All  bearings  being  referred  to  a true 
meridian;  the  tract  containing  a cal- 
culated area  of  7.59  acres,  more  or 
less;  and  being  shown  on  the  plat 
drawn  by  George  Jones,  Roistered 
Land  Surveyor,  which  is  attached  here- 
to and  made  a part  hereof. 

This  type  of  description  is  called  a descrip- 
tion by  “metes  and  bounds.”  It  is  used  to 
describe  the  land  in  the  13  original  colonies, 
Kentucky,  Tennessee,  and  parts  of  Texas 
and  Hawaii.  Sometimes  it  is  used  in  other 
places  for  odd-shaped  tracts. 

The  above  description  starts  with  a known 
point — the  concrete  and  steel  monument — 
and  goes  at  a certain  angle  for  a certain  dis- 
tance to  an  iron  pin.  'Then  it  goes  at  another 
angle  to  c concrete  post,  and  so  on,  until  it 
gets  back  to  the  starting  point — thus  enclos- 
ing the  parcel  of  land. 

Here  is  a third  legal  description : 

Northwest  quarter  of  Section  9,  Town- 
ship 2 North,  Range  3 West  of  the 


Fifth  Principal  Meridian,  County  of 
Clay,  State  of  Illinois,  containing 
160  acres,  more  or  less,  according  to 
the  United  States  Survey. 

Parts  of  the  country  not  based  on  metes  and 
bounds  surveys,  as  in  the  legal  description 
just  before  this  one,  are  divided  by  meridi- 
ans and  base  lines.  Meridians  run  north  and 
south.  Base  lines  and  parallels  run  east  and 
west  The  area  in  between  is  further  divided 
into  townships  which  are  six  miles  on  a side. 
'They  are  36  square  miles  in  size.  The  town- 
ships are  further  divided  into  sections  which 
are  one  mile  square  and  contain  640  acres. 
Sections  are  divided  into  quarter  sections  of 
160  acres.  Quarter  sections  are  often  divided 
again  into  quarters  of  40  acres.  After  that 
division  is  into  lots  which  are  subdivided 
according  to  a developer’s  plat  or  map. 

In  the  place  of  legal  descriptions,  some 
states  allow  the  use  of  only  a map.  This  map 
is  called  a plat.  Plats  are  made  from  surveys 
done  by  registered  land  surveyors.  Fig.  7-6. 
'They  show  the  boundaries  of  a tract  of  land. 
Plats  always  are  made  when  land  is  sub- 
divided and  may  or  may  not  be  made  when 
land  changes  ownership.  'They  are  filed  with 
the  county  recorder  of  deeds.  Fig.  7-6. 


Fig.  7-5.  A surveying  team  is  shown  surveying  a piece 
of  property. 
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Rg.  7-6.  Plofs  ore  recorded  in  plot  boob  and  ore 
easily  accessible  for  rrx)kir>g  o (ille  seorch. 


Fig.  7-7.  Shown  is  fhe  inside  of  a lending  insfitufion 
where  mortgage  money  can  be  obtained. 
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Plata  show: 

1.  Boundaries; 

2.  Improvementa,  such  as  buildings,  pave- 
ments, and  other  structures;  and 

3.  Natural  features  such  as  lakes. 

Plats  also  show  easements.  An  easement 
gives  someone  the  right  to  put  something 
on  the  owner's  land.  For  instance,  the  elec- 
tric power  company  may  be  given  the  right 
to  put  power  lines  over  a certain  part  of  a 
piece  of  property.  In  addition,  plats  include 
what  are  called  encroachments.  An  encroach-^ 
ment  is  a structure  owned  by  someone  who 
does  not  own  the  property  on  which  the 
structure  is  built.  Tlie  fence  of  a neighbor 
which  is  two  feet  past  his  property  line  and 
on  another  person’s  property  is  an  encroach- 
ment on  that  property. 

A title  is  a certificate  of  ownership  of  a 
piece  of  property.  A deed  is  a written  legal 
document  by  which  the  person  who  sells  the 
land  transfers  his  ownership  to  the  person 
who  buys  the  land.  Deeds  usually  are  made 
up  of  several  things.  First,  there  is  a legal 
description  of  the  property.  Next,  a deed  in- 
cludes mortgages  on  the  land.  Mortgages 
show  the  money  owed  on  the  property.  Fig. 
7-7.  A deed  also  may  include  restrictions.  An 
example  of  a restriction  might  be  that  every 
house  must  be  at  least  a certain  size — 1,000 
square  feet,  for  instance.  Easements,  as 
mentioned  above,  also  are  included  in  a title. 
Easements  may  show  whether  or  not  mineral 
rights  on  the  property  have  been  sold.  As 
an  example  of  a mineral  right,  a farmer  may 
own  a section  of  land,  but  he  or  an  owner 
before  him  may  have  sold  the  right  to  drill 
for  and  extract  oil  to  someone  else.  This 
other  person  holds  the  mineral  rights.  Min- 
eral rights  may  be  for  all  minerals  or  for 
just  one  mineral  such  as  coal,  oil,  or  gas. 


Titles  and  Surveys 

The  buyer  of  the  land  on  which  the  project 
is  to  be  built  wants  to  be  sure  he  has  a good 
title  to  the  property.  In  nearly  all  cases,  the 
people  who  lend  money  to  build  a project 
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will  insist  that  the  property  have  a good 
title.  A "sood  title**  means  that  the  land  has 
been  legally  transferred  and  the  land  has  no 
claims  (mechanic*s  liens)  against  it  A lien 
means  that  the  previous  owner  owes  some- 
one money  for  work  done  on  the  land  or  build- 
ing. The  buyer  or  his  construction  consultant 
can  check  the  title  by  hiring  a specialist  to 
examine  it 

The  hired  specialist  usually  is  a real  es- 
tate attorney — a lawyer  who  is  qualified  by 
training  and  experience  to  give  an  opinion 
about  the  title.  As  the  basis  for  his  opinion, 


Rg.  7-8.  Here  we  see  on  effomey  molcing  o firie 
seorch  of  the  county  regisfror’s  office. 


Fig.  7-9.  The  buyer,  seller,  lawyer,  reol  esfofe  broker, 
ond  the  representative  for  the  lending 
institution  ore  shown  ot  a property  closing. 


he  makes  what  is  known  as  a title  search. 
He  searches  the  records  at  the  courthouse 
which  relate  to  that  particular  property, 
Fig.  7-8.  Instead  of  going  to  the  courthouse 
himself,  he  often  buys  an  abstract.  This  is 
a document  prepared  by  an  abstract  com- 
pany. The  document  is  based  on  the  court- 
house records  of  important  information 
about  the  piece  of  land  being  bought 

Title  insurance  also  can  be  bought  A title 
insurance  company  has  or  hires  a lawyer  to 
read  the  abstract  and  give  an  opinion.  If 
the  title  is  good,  the  owner  gets  an  insurance 
policy.  Tb.’s  policy  insures  him  against  mis- 
takes in  the  title  and  promises  to  defend 
lawsuits  which  may  come  up  if  there  are  such 
mistakes. 

If  a title  is  defective  or  has  mistakes,  the 
owner  gets  an  attorney  to  correct  them. 
*rhis  means  that  he  “cures”  the  title  of  its 
problems.  Sometimes  this  work  means  only 
finding  a missing  heir  to  the  land.  At  other 
times,  court  action  is  brought  to  clear  the 
title  of  its  defects. 

Either  the  owner  or  the  people  who  lend 
him  money  for  the  project  usually  insist  on 
a survey  as  well  as  a title  search.  *rhis  sur- 
vey must  be  done  ly  a registered  land  sur- 
ve3?or.  In  some  states,  a registered  profes- 
sional engineer  may  do  it  *The  surveyor  first 
gets  all  known  surveying  facts  about  the 
site.  *Then,  starting  at  a known  point  he 
measures  angles  and  distances  along  the 
boundaries.  He  checks  the  legal  description 
and  makes  a new  one  if  it  is  needed.  Then 
he  prepares  the  plat  or  map. 


Chan^g  Owners 

After  the  title  search  and  survey,  the 
seller,  the  buyer,  a representative  of  the 
mortgage  company,  and  their  lawyers  meet 
at  what  is  called  a “closing.”  The  buyer  gives 
money  to  the  seller.  The  seller  then  hands 
the  buyer  the  deed.  This  is  the  formal  trans- 
fer of  ownership  of  the  property,  Fig.  7-9. 
The  deed  then  is  recorded  at  the  courthouse. 
Fig.  7-10. 
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7*10.  Records  ore  kept  up  to  dole  at  o county 
registrar's  office. 


Summary 

Land  holdings  in  the  United  States  have 
been  divided  many  times  over.  Today  there 
are  millions  of  parcels  of  land.  All  are  owned 
privately  or  by  the  government.  Many  rec- 
ords of  land  ownership  are  kept.  These  are 
legal  descriptions,  plats  or  maps,  titles,  and 
deeds.  Title  searches  and  surveys  are  made 
to  get  an  exact  description  of  pieces  of  land. 
These  are  done  mostly  when  land  changes 
ownership. 


I 

1 

{ 

I. 

I 

I 


History  Of  Land  Holdings  In  U.S. 
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Terms  to  Know 

boundaries 

easements 

registrar 

encroachment 

plat 

titles 

subdivision 

deeds 

legal  description 

parcel 

meridians 

abstract 

base  lines 

title  insurance 

parallels 

mortgage 

townships 

title  search 

sections 

surveyor 

quarter  sections 

closing 

lots 

lien 

Think  About  It! 

1.  A plat  (map)  of  a piece  of  land  may  show 
all  the  kinds  of  information  listed  below. 
You  may  use  examples  to  explain  each 
term. 

a.  Boundaries  d.  Easements 

b.  Improvements  e.  Encroachments 

c.  Natural  features 

2.  When  a piece  of  land  is  sold,  the  seller 
must  give  the  buyer  a deed  (legal  paper) 
showing  several  kinds  of  information.  If 
you  were  buying  a building  lot,  what  in- 
formation could  you  expect  to  be  re- 
corded on  the  deed? 
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Surveying  and 
Mapping 


The  last  assignment  told  about  the 
boundaries  and  legal  description  of  a site. 
This  lesson  tells  how  the  natural  and  man- 
made features  of  the  site  are  surveyed  or 
measured  and  put  on  maps  to  be  used  for 
designing  the  project,  Fig.  8-1. 

Types  of  Surveys 

Surveys  are  classified  as  to  their  func- 
tion. Land  surveys  are  made  to  establish 
boundaries  and  provide  records  and  maps 
which  show  the  proper  location  and  sub- 
division of  lands  in  any  specified  area. 
Topographic  surveys  are  conducted  to 
gather  data  showing  both  the  natural  and 
man-made  features  of  the  terrain.  Route 
surveys  are  made  to  determine  alignment 
(route),  grades,  and  the  amount  of  earth- 
work needed  in  connection  with  the  con- 
struction of  highways,  railroads,  canals, 
airports,  and  pipelines,  for  example.  Hydro- 
graphic  surveys  are  made  to  record  data 
about  the  shore  lines  of  bodies  of  water  and 
to  determine  the  shape  of  the  area  under- 
lying the  water  surface.  Aerial  surveys  are 
to  record  the  features  of  a large  area  of  land. 
Topographic  maps  may  be  made  from 
aerial  surveys.  Construction  surveys  are 
made  to  properly  locate  on  a site  all  of  the 
facilities  that  are  to  be  built. 

Surveys  are  made  by  employees  of  the 
project  owner,  construction  consultants,  or 
by  a surveying  firm  hired  to  make  them.  In 
making  a topographic  survey,  many  steps 
are  taken. 


Research 

Many  times  a record  of  information  about 
a site  is  already  available.  Any  informa- 
tion about  a site  that  can  be  found  before- 
hand will  lower  the  amount  of  required 
work  and  the  cost  of  the  survey.  It  also  will 
help  check  any  work  that  is  done.  There- 
fore, all  the  facts  already  known  about  a 
site  are  collected  first.  This  gathering  to- 
gether of  facts  is  called  research. 

There  are  many  places  where  facts  can 
be  found.  Most  of  the  country  has  been 
mapped  by  the  United  States  Geological 


Fig.  8-1.  Before  a project  con  begin,  natural  and 
man-made  features  of  the  site  must  be 
accurately  located  and  mapped. 
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Survey.  Copies  of  these  maps  and  some  field 
work  facts  can  be  requested  from  their  files. 
Other  federal,  state,  and  local  governmen- 
tal agencies  have  large  amounts  of  survey- 
ing data  (information).  For  example,  the 
Department  of  Agx'ieulture  has  air  photo- 
graphs of  most  of  vhe  cropland.  County  or 
city  surveyors  often  have  information. 
Sometimes  surveyors  who  have  made  topo- 
graphical surveys  of  the  area  before  will 
give  out  information  about  a site.  People 
who  have  ov/ned  the  site  before  sometimes 
have  good  topographic  maps  or  other  facts 
about  the  site.  Public  utilities,  railroads, 
and  city  and  county  engineers  may  have 
helpful  information. 

Almost  all  surveys  are  really  resurveys. 
This  means  surveying  again  what  has  been 
surveyed  before.  A resurvey  usually  is 
done  for  a different  reason  and  in  more 
detail  than  surveys  which  were  done  before. 
A resurvey  must  start  from  known  points 
of  location  and  elevation  which  have  been 
found  by  research. 


Finding  Known  Points 

Finding  the  location  of  known  points  is 
called  horizontal  control.  It  is  based  upon  a 
process  known  as  triangulation.  The  term 
“triangulation”  refers  to  accurate  surveys 
which  have  been  made  of  the  whole  country 
to  find  the  corners  of  a large  number  of 
triangles.  Each  side  of  the  triangle  may  be 
several  miles  long.  From  the  triangle  cor- 
ners, other  surveys  have  been  made  to  find 
the  location  of  millions  of  additional  points. 

Elevations  of  known  points  are  called 
vertical  control.  These  elevations  are  dis- 
tances above  a certain  fixed  level  on  the 
earth’s  surface.  Usually  the  mean  (aver- 
age) sea  level  at  a certain  point  is  used  as 
a fixed  level.  For  example,  the  elevation  of 
Lake  Superior  may  be  602'.  This  means 
that  at  some  point  the  level  of  the  lake  is 
602'  above  the  average  level  of  the  ocean. 
In  this  case,  the  ocean  level  at  New  York 
was  used.  A point  in  Death  Valley,  Califor- 


nia, may  be  minus  125'.  This  is  125'  below 
the  average  height  of  the  surface  of  the 
ocean. 

Things  other  than  average  sea  level 
sometimes  are  used  as  a fixed  level.  Very 
careful  surveys,  generally  along  railroads, 
have  been  made  throughout  the  country.  As 
a result,  the  elevations  of  these  lines  from 
the  level  of  the  ocean  are  well  known. 


Monumenting 

When  important  surveys  are  m?de  to  find 
out  either  the  location  (where  a point  is) 
or  the  elevation  (how  high  above  the  ocean 
level  it  is),  permanent  markers  are  placed 
on  the  point  so  that  future  surveys  can  be 
started  from  that  point.  These  markers, 
called  monuments  or  sometimes  bench 
marks,  are  firmly  set  in  place.  Early  sur- 
veyors used  large  stones  set  in  the  ground 
as  markers.  Today  concrete  posts  are  used. 
The  location  and  elevation  of  the  marker 
often  are  placed  on  a brass  plate  on  the 
marker.  Fig.  8-2.  The  readings  are  taken 
from  the  very  center  (the  center  is  the 
highest  point  on  the  top  surface  of  the 
bench  mark).  The  foundation  for  a bench 
mark  is  shown  in  B of  Fig.  8-2.  The  founda- 
tion supports  the  bench  mark  so  that  it  will 
not  move  out  of  position.  All  bench  marks 
are  placed  very  accurately  so  readings  can 
be  taken  for  new  constructions.  The  mark- 
er’s location  and  elevation  are  always  put 
in  the  surveyor’s  notes.  These  notes  then 
are  carefully  recorded  and  saved.  Anyone 
wishing  to  make  a resurvey  finds  a marker 
as  a place  to  start  or  end  his  survey.  Find- 
ing these  markers,  some  of  which  were 
placed  over  100  years  ago,  is  sometimes  a 
major  problem  for  the  surveyor. 

On  the  project  site,  the  surveyor  works 
from  a known  point  which  is  related  to  a 
marker.  He  then  drives  wooden  stakes  or 
metal  pins  to  mark  locations  and  elevations 
which  help  the  construction  workers  in 
earthworking  and  locating  the  structure. 
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Survey  Parties 

The  size  of  the  survey  group  and  the 
skills  of  the  people  in  it  depend  on  the  size 
and  the  difficulty  of  the  job  to  be  done.  Most 
survey  parties  have  from  two  to  eight 
people  in  them.  The  chief  of  the  surveying 
party  plans  and  supervises  the  work.  On 
small  parties,  he  also  may  record  survey 


findings  in  the  field  notebooks.  Sometimes 
another  person,  called  a recorder,  does 
this.  The  instrument  man  sets  up  and  op- 
erates the  surveying  instrument  over  a 
known  point.  The  rodman  holds  the  rod 
used  in  surveying  over  another  point. 
Sometimes  an  axeman  is  needed  to  clear 
brush  and  trees  so  that  the  rod  may  be  seen 
fx’om  the  instrument.  If  any  measurements 
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A.  This  is  the  design  of  a bench  mark. 


Oh/o  Dopf  of  Highy^at^s 
PrQ-cosf  Concrete 
Iraverse  ^ Bench  Mork 
Monument 


Weight  of  Concrete 
Monumenr  »360  L bs. 


B.  This  is  the  foundation  for  a bench  mark. 


Fig.  8-2.  The  construction  of  a bench  mark. 
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are  to  be  made  with  a steel  tape  (called  a 
chain),  two  or  more  chainmen  may  be  in 
the  survey  group. 


Fig.  8-3.  A team  of  surveyors  may  travel  to  remote 
areas. 


Fig.  8-4.  A transit  is  used  by  surveyors  to  measure 
horizontal  and  vertical  angles. 


Location  Surveys 

The  instruments  used  most  often  to  find  a 
location  are  the  transit  and  the  plane  table. 
The  transit  measures  horizontal  and  verti- 
cal angles,  Fig.  8-4.  It  also  may  be  used  for 
leveling,  but  a level  usually  is  used  instead. 
Fig.  8-5. 

When  points  are  known,  the  transit  is 
set  up  and  leveled  over  one  point.  One  rod 
is  placed  on  the  known  point.  Another  rod 
is  placed  at  the  unknown  point.  The  transit 
measures  the  angle  between  the  line  from 
the  transit  to  the  known  point  and  the  line 
from  the  transit  to  the  unknown  point. 

The  transit  also  can  be  used  to  measure 
the  distance  from  the  transit  to  the  points 
by  reading  numbers  on  the  rods.  However, 
on  very  careful  surveys,  this  distance 
usually  is  chained  or  measured  with  a steel 
tape.  By  making  repeated  setups  of  the 
transit  and  by  measuring  angles  until 
another  or  the  same  known  point  is  reached, 
all  the  land  is  measured.  The  transit  may 
be  set  up  to  measure  angles  and  distances 
to  certain  features  of  the  site  when  their 
location  is  wanted.  Fig.  8-6. 

The  plane  table  is  a simple  form  of  trans- 
it. It  is  used  in  much  the  same  way  as  a 


Fig.  8-5.  A level  is  used  by  surveyors  to  measure 
elevations. 
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transit.  The  theodolite  is  another  survey 
instrument.  It  is  a more  precise  form  of 
transit  used  for  very  accurate  measure- 
ments. Other  modern  instruments  are  used 
for  measuring  angles  and  distances.  Some 
of  these  new  instruments  make  use  of 
electronics. 


Elevation  Surveys 

The  instrument  used  most  often  for  find- 
ing elevations  is  the  level.  The  level  is  a 
telescope  which  is  set  up  and  is,  itself, 
leveled.  The  level  rod,  which  is  marked  in 
feet,  is  set  on  a point  of  known  elevation 
or  height.  The  level  is  set  up,  and  the 
measurement  is  found  on  the  rod.  Fig.  8-7. 
Then  the  rod  is  put  on  a point  where  the 
elevation  is  not  known,  and  the  measure- 
ment is  found.  The  difference  between  the 
readings  is  the  elevation  of  the  unknown 
point. 

For  example,  suppose  the  elevation  of  a 
known  point  is  100'.  A reading  on  the  rod 
at  the  known  point  A is  3'.  The  reading 


Fig.  8-6.  The  transit  is  leveled  accurately  before 

readings  are  taken  on  the  construction  site. 


at  the  unknown  point  B is  5'.  The  differ- 
ence between  these  two  readings  is  5' 
minus  3',  or  2'.  The  unknown  point,  then, 
is  2'  lower  than  the  known  point.  100' 
minus  2'  equals  98',  which  is  the  eleva- 
tion on  the  unknotvn  point.  If  the  level  is 
now  moved  to  another  position,  the  rod  may 
be  placed  on  point  B,  which  is  now  a known 
elevation,  and  then  on  an  unknown  point  C 
to  find  the  elevation  of  C.  In  this  manner,  a 
line  of  levels  may  be  run  by  repeating 
measurements  until  another  known  point 
(or  the  first  known  point)  is  reached.  A 
line  of  levels  may  also  be  run  by  setting  up 
the  level  in  one  position  and  moving  only 
the  rod  from  point  to  point,  referring  back 
to  just  one  known  elevation.  This  method 
can  be  used  only  when  the  ground  is  quite 
flat  and  there  are  few  obstructions. 

Other  instruments  used  for  elevation 
surveys  are  the  surveying  altimeter  and 
the  elevation  meter.  Although  both  are  very 
expensive,  work  can  be  done  more  quickly 
with  them  than  with  the  level. 


Plotting  Data 

As  surveys  are  made,  the  measurements 
are  recorded  in  field  notebooks.  The  note- 


Fig.  8-7.  A level  is  used  to  find  the  elevation  of  an 
unknown  point  from  a known  one. 
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books  then  are  taken  to  the  office  where 
figuring  is  done.  The  next  step  is  to  plot 
(find  the  location  of)  each  important  point 
on  a topographic  map.  To  show  the  shape 
of  the  land,  which  is  found  from  the  eleva- 
tions, two  methods  are  used : 

1.  Grid  system 

2.  Contours 

A simple  grid  system  often  is  used  for 
small  sites.  The  site  plan  is  divided  into 
squares  to  form  a grid.  Elevations  are 
shown  at  the  corners  of  squares.  When 
adjoining  squares  show  elevations  which 
are  about  equal,  the  land  is  flat.  When  ad- 
joining squares  show  differing  elevations, 
the  person  reading  the  grid  knows  the  site 
is  uneven. 

A contour  is  a line  made  by  connecting 
every  point  on  a grid  which  is  at  the  same 
height.  Contours  have  several  features. 
First,  contours  never  cross  except  in  the 
rare  case  of  an  overhanging  cliff.  Contours 
spaced  closely  together  mean  a steep  slope. 
When  they  are  spaced  far  apart,  they  show 
a gentle  slope  or  fairly  flat  land.  Closed 
contour  lines  mean  either  a hill  or  a low 
spot  in  the  land. 

In  some  cases,  mostly  for  roads  and  air- 
field runways,  cross  section  surveys  are 
made.  A cross  section  survey  is  made  by 
finding  a series  of  elevations  along  parallel 
straight  lines.  Fig.  8-8.  The  survey  lines 
usually  are  spaced  about  100'  apart.  The 
elevation  points  can  be  connected  on  profile 
drawings.  These  drawings  are  used  to  esti- 
mate how  much  earth  moving  must  be  done 
on  a site. 


PROFILE  ALONG 
LINE  "O" 

Fig.  8-8.  A series  of  elevations  along  parallel  lines 
can  be  made  into  profiles  of  the  terrain 
along  the  lines. 


Surveys  of  Large  Areas 

Modern  instruments  are  valuable  for 
surveying  sites  which  are  large  in  area. 
Also,  aerial  photography  can  be  used  for 
such  surveys.  Photographs  taken  from  the 
air  show  the  features  of  the  ground.  How- 
ever, horizontal  and  vertical  control  also 
are  needed  to  plot  what  the  photographs 
show.  Techniques  have  been  developed  by 
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which  approximate  elevations  may  be 
found  from  aerial  photographs.  However, 
these  methods  require  expensive  and  com- 
plicated equipment  such  as  multiplex  pro- 
jectors and  stereocomparagraphs. 


Summary 

Topographic  surveying  is  measuring 
land  to  show  the  exact  natural  and  man- 
made features  of  the  site.  These  surveys  are 
made  so  that  maps  can  be  drawn  for  the 
designer  to  use  in  designing  a project. 

Surveys  begin  with  finding  known  points. 
Locations  and  elevations  are  very  impor- 
tant, Fig.  8-9.  The  transit  and  plane  table 
are  used  for  finding  locations.  Elevations 
are  found  by  using  a level.  The  grid  system 
and  contours  or  cross  sections  are  used  to 
show  the  lay  of  the  land. 


Surveying  And  Mapping 


Fig.  8-9.  Imagine  the  surveying,  mapping,  and 

construction  drawing  virhich  had  to  be  done 
before  this  construction  work  could  be 
started. 


Terms  to  Know 

research 

location 

level 

surveying 

resurvey 

horizontal  control 
vertical  control 
triangulation 
elevation 


fixed  level 
contour 
plot  a point 
transit 
monuments 
bench  marks 
data 
grid 

mapping 


Think  About  It! 

1.  Why  does  a surveyor  begin  measuring 
from  a monument  or  bench  mark? 

2.  What  natural  features  may  have  existed, 
on  and  near  the  site  of  your  school,  be- 
fore the  land  was  settled  and  developed? 

3.  On  a topographic  map  of  your  school 
grounds,  what  improvements  would  be 
shown  ? 
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Fig.  8-10.  A surveyor’s  map  may  show  the  location  of  existing  structures  with  regard  to  the  planned  project. 
This  map  shows  the  different  views, that  the  motorist  will  have  from  the  new  highway. 
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Soil  Testing 


You  have  read  how  land  surfaces  are  mea- 
sured and  described.  This  assignment  will 
help  you  understand  the  nature  of  the  soil 
which  forms  the  upper  layer  of  the  earth. 
Soil  sometimes  is  used  in  the  construction 
of  a structure  such  as  an  earthen  dam.  Gen- 
erally, however,  soil  provides  the  load-bear- 
ing surface  upon  which  the  foundation 
(base)  of  a structure  rests.  No  matter  what 
the  structure  may  be,  it  must  have  a strong 
and  sturdy  foundation.  To  be  sure  of  the 
strength  and  stability  (firmness)  of  the  foun- 
dation, the  construction  designer  must  know 
what  the  soil  is  like  where  the  foundation  is 
to  be  built. 

The  Earth’s  Crust 

The  crust  of  the  earth  is  made  up  of  rock 
and  soil.  Fig.  9-1.  Since  rock  is  a hard  ma- 
terial, it  requires  great  force  to  excavate  or 
remove  it.  There  are  several  kinds  of  rock. 
Bedrock  is  under  all  of  the  earth’s  surface. 
It  may  be  deeply  below  the  earth’s  surface, 
or  in  other  cases,  it  may  be  exposed  and  can 
be  seen  on  the  surface.  Boulders  are  large, 
loose  pieces  of  rock.  They  are  from  about 
8"  to  many  feet  in  diameter.  Cobbles  are 
small  pieces  of  rock.  They  are  about 
4"  to  8"  in  diameter. 

Soil  is  composed  of  loose  parts  of  the 
earth’s  surface.  It  is  made  up  of  grains  of 
different  sizes.  Gravel  is  in  pieces  which 
range  from  the  size  of  peas  to  the  size  of 
cobbles.  Grains  of  sand  range  from  the  size 
of  granulated  sugar  to  the  size  of  peas.  The 
texture  of  silt  varies  from  that  of  powdered 
sugar  to  that  of  granulated  sugar.  Clay  is  of 
a very  fine,  powder-like  texture,  much  like 
that  of  flour. 


Fig.  9-1.  The  earth's  crust  is  made  up  of  rock  and  soil. 
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Most  soil  is  made  up  of  textures  varying  When  the  grains  have  large  spaces  or 
from  that  of  fine  clay  to  large  boulders.  voids  between  them,  the  soil  is  called  loose. 

For  example,  s\  so-called  silt  may  be  made  When  the  voids  are  small,  the  soil  is  called 

up  of  75%  silt,  ir?%  clay,  and  10%  sand.  dense.  Density  can  be  made  greater  by  put- 
Topsoil  is  the  soil  whlc!?  lies  near  the  sur-  ting  pressure  or  weight  on  soil.  Most  soil  is 

face  of  the  earth.  It  ia  generally  covered  compressible.  This  means  that  it  can  be 

with  grass,  crops,  or  weeds.  is  a mixture  packed  down  or  compressed. 

of  soil  and  decayed  vegetable  matter.  The  characteristics  of  soils  depend  a great 

deal  on  the  amount  of  water  which  they 
contain.  This  water  is  of  two  kinds.  At  least 

Soil  Characteristics  ^ amount  of  water  from  surface  seep- 

age (drainage)  is  in  the  spaces  between 

Different  soil  has  different  characteristics.  grains  of  nearly  all  soils.  In  addition,  there 

Some  characteristics  depend  on  the  soil  are  rivers  and  lakes  of  water  under  the  sur- 

particles.  Other  characteristics  depend  on  face  of  the  ground.  This  water  fills  and  flows 

the  action  of  water  on  the  soil  particles.  Soil  through  the  spaces  between  the  soil  grains, 

particles  are  not  smooth  like  marble.  They  The  top  of  this  underground  water,  which 

are  different  in  size  and  shape.  Sometimes  can  be  found  by  digging  an  open  pit,  is  called 

they  are  rounded.  More  often  they  are  jagged  the  water  table,  Fig.  9-2.  The  water  table 

with  sharp  corners.  Because  of  the  way  is  not  flat  like  the  surface  of  an  above- 

they  are  shaped,  they  may  not  fill  the  whole  ground  river  or  lake.  Instead,  it  is  found  at 

space,  they  are  in.  There  are  usually  spaces  differing  depths  from  place  to  place  around 
between  the  particles  which  are  called  voids.  the  world.  It  generally  follows  the  surface 

Much  soil,  especially  clay,  is  quite  cohe-  contour  of  the  land.  Like  surface  water,  most 

sive.  This  means  that  the  grains  stick  to-  of  this  water  is  in  motion  or  has  a current, 
gether.  In  fact,  some  kinds  of  soil  stick  In  general,  most  soil  (especially  that  with 
together  so  strongly  that  they  are  nearly  a lot  of  clay  in  it)  swells  as  moisture  is  in- 
like cement.  This  kind  of  soil  is  almost  as  creased  and  shrinks  when  it  is  taken  away, 

hard  to  work  with  as  solid  rock.  Other  clays  Some  clay  slakes  (turns  into  a soft  mass) 

often  are  plastic.  They  can  be  molded  into  when  it  becomes  wet.  A firm  clay  may  lose 

different  shapes  very  much  like  modeling  its  strength  when  there  is  water  in  it. 

When  water  freezes  and  becomes  ice,  it 
expands  and  takes  up  more  space.  If  the 
water  in  the  soil  freezes,  the  soil  also  ex- 
pands and  takes  up  more  space.  This  raises 
the  surface  of  the  ground.  Then,  when  the 
ice  thaws,  water  forms  and  the  aoil  becomes 
very  wet.  The  depth  of  frost  in  the  ground 
depends  on  the  weather. 

When  most  soil  is  excavated  or  dug  up,  it 
expands  or  swells.  This  happens  because, 
when  soil  is  disturbed,  air  gets  into  the 
spaces  between  the  particles.  One  hundred 
cubic  yards  of  a certain  soil  in  its  natural 
state  might  become  114  cubic  yards  if  it 
were  taken  out  and  loaded  onto  trucks.  Then 
it  might  be  placed  in  a foundation  for  a 
bliilding  where  it  might  be  placed  under 
pressure  to  reduce  the  voids  or  spaces  be- 


clay  can  be  molded. 


Fig.  9-2.  The  wafer  fable  generally  follows  the 
surface  contour  of  the  land.  In  different 
parts  of  the  country  the  water  table  is 
found  at  different  depths  from  the  surface. 
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tween  the  grains.  After  this  is  done,  it  might 
be  only  85  cubic  yards,  Fig.  9-3. 


Soil  Analysis 

On  large  projects,  or  when  there  arc  un- 
usual soil  drainage  or  groundwater  prob- 
lems, soil  specialists  may  be  hired  to  do  a 
soil  analysis.  They  study  the  soil  and  make 
recommendations  about  how  to  work  with  it. 
Fig.  9-4. 


Fig.  9-4.  A soil  tester  is  using  a pocket  penetrometer 
to  check  soil  strength  and  its  classification. 


There  are  many  ways  to  get  information 
about  what  kind  of  soil  or  rock  is  under  the 
surface  of  the  ground.  The  cheapest  way  is 
to  find  out  what  is  already  known  about  the 
soil.  This  is  done  by  checking  with  govern- 
ment agencies,  the  neighboring  property 
owners,  drillers,  and  soil  laboratories  to  see 
if  they  already  have  facts  about  the  soil  un- 
der study  Another  inexpensive  method  used 
to  analyze  soil  is  to  look  at  and  feel  the  type 
of  rock  or  soil  which  is  on  top  of  the  earth’s 
surface. 

Holes  may  be  bored  with  drills.  By  seeing 
the  type  of  soil  which  comes  out  of  the  hole. 


Fig.  9-5.  A split-spoon  core  container  with  both 
halves  together  is  shown  here. 


VOLUME  OF  EARTH 
WITH  AIR  MIXED  IN 
THE  ORIGINAL 
VOLUME 


Fig.  9-3.  When  soil  is  removed  from  its  original  position,  it  is  loose  because  of  the  air  it  now  contains.  Also,  it  has 
become  large  in  volume  lamount).  When  the  soil  is  packed  to  hold  a load  bearing  surface  la  foundation), 
it  then  becomes  smaller  in  amount. 
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it  is  possible  to  tell  what  kind  of  soil  is  at 
different  depths  in  the  ground.  Some  drills 
are  made  so  that  they  bring  up  to  the  sur- 
face a cylindrical  sample  (shaped  like  a 
round  pencil)  or  core  of  the  soil,  Figs.  9-6 
and  9-6.  These  cores  may  be  sent  to  a lab- 
oratory for  analysis. 

Sometimes,  large  holes  are  dug  in  the 
ground  so  the  soil  tester  may  look  at  and 
take  samples  of  the  soil  at  various  depths. 
These  holes,  which  are  dug  by  hand  or  ma- 
chinery (Fig.  9-7),  are  called  test  pits. 


Fig.  9-6.  The.  splif-spoon  container  with  one  half 
removed  shows  the  soil  sample. 


Fig.  9-7.  An  auger  powerhead  is  used  for  large 
diameter  or  deep  hole  drilling  to  obtain 
soil  samples. 


Soil  tests  in  the  field  are  of  two  different 
kinds.  First,  there  are  plate  bearing  tests. 
In  these,  heavy  weights  are  placed  on  about 
four  square  feet  of  the  earth’s  surface.  The 
tester  then  observes  the  vertical  and  hori- 
zontal stability  of  the  soil.  That  is,  he  mea- 
sures how  much  the  load  tilts  or  leans.  Also, 
h€’.  measures  how  much  the  load  sinks  into 
the  soil.  These  are  measures  of  soil  stabil- 
ity and  settlement.  Second,  there  are  den- 
sity tests.  Soil  is  put  in  a standard  cylinder 
and  is  hit  with  a certain  number  of  blows 


Fig.  9-8.  A soil  tester  is  performing  a sand  density 
test. 


Fig*  9*9.  A laboratory  technician  is  preparing  a core 
sample  of  cohesive  soil  for  determining  its 
shear  strength. 
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with  a hammer.  This  shows  how  much  the 
soil  packs  together,  Fig.  9-8. 

Laboratory  testing  is  done  to  find  out 
about  (1)  soil  strength  (Figs.  9-9  and  9- 


10),  (2)  water  in  the  soil  (Fig.  9-11),  (3) 
soil  plasticity,  and  (4)  soil  compressibility 
(how  much  it  will  pack  down.  Fig.  9-12). 
Geophysical  tests  using  explosives  or  the 


Fig.  9-11.  A liquid  limit  testing  device  is  used  in  the 
laboratory  to  determine  the  amount  of 
water  needed  to  cause  the  soil  sample  to 
become  fluid. 
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Fig.  9-12.  A laboratory  soil  compactor  is  used  to 
measure  the  ability  of  a soil  to  be 
compacted. 
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electrical  resistance  of  the  ground  often  are 
used.  They  are  very  helpful  in  finding  how 
deep  the  bedrock  is  buried  below  the  sur- 
face, Fig.  9-13. 


Soil  and  Construction 

The  soil  under  a foundation  must  be  sta- 
ble enough  to  hold  up  the  load  of  the  struc- 
ture which  is  built  on  it.  It  must  not  erode 
or  wash  away,  and  it  must  be  kept  from 
heaving  as  a result  of  freezing  or  extra  wa- 
ter in  the  soil.  Soil  must  not  settle  too  much 
or  unevenly.  This  would  cause  the  structure 
to  crack. 

Soil  is  often  used  as  a construction  mate- 
rial in  making  earthen  dams.  It  must  be 
stable  and  not  heave  or  settle  too  much.  It 
must  be  placed  so  water  can  drain  away 
without  eroding  the  fill.  In  addition,  when 
trenches  are  dug,  some  soils  need  to  be  held 
in  place  by  supports  which  are  called  shor- 
ing, Fig.  9-14.  This  keeps  them  from  caving 
in  or  falling  on  the  workers.  Firm  soil  may 
not  need  to  be  shored.  Excavating  crews 
must  know  with  which  soil  type  they  are 
working  to  prevent  dangerous  caving  in. 


Soil  Engineering 

From  the  soil  tests  and  the  laboratory  re- 
' ports,  the  construction  consultant  deter- 
mines how  the  soil  in  its  natural  state  will 
be  affected  by  the  structure.  He  also  decides 
what  has  to  be  done  to  or  with  the  soil  to 
take  care  of  the  needs  of  the  structure  and 
the  safety  of  the  workers.  Sometimes  a 
large  amount  of  soil  must  be  removed  and 
replaced  by  soil  which  is  better  for  use.  In 
other  cases,  pressure  must  be  applied  by 
heavy  rollers  to  reduce  the  spaces  or  voids 
between  the  gvains  of  the  soil  so  that  it  can 
hold  a greater  load.  Often  the  composition 
of  the  soil  itself  is  changed  by  adding  a dif- 
ferent type  of  soil  or  even  some  other  sub- 
stance, such  as  cement,  to  it. 


Fig.  9-13.  Here  soil  testers  are  performing  a 

geophysical  test  using  a seismograph  to 
determine  how  deep  the  bedrock  is  beneath 
the  soil. 


Fig.  9-14.  Shoring  is  used  to  hold  soil  in  place. 


The  construction  consultant  decides  how 
steep  the  man-made  slopes  should  be.  He 
also  decides  how  to  take  care  of  extra  wa- 
ter and  how  to  prevent  frost  heave.  In  the 
case  of  foundations,  he  determines  how 
• much  weight  the  soil  can  hold  without  col- 
lapsing or  settling  too  much  or  too  unevenly. 
He  may  even  find  that  the  soil  is  so  soft  that 
pilings  must  be  put  in  for  support.  Based 
on  the  strength  of  the  soil,  a design  for  the 
structure  may  now  begin. 
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Summary 

In  this  assignment  you  have  read  ■ hat  the 
earth’s  crust  is  made  up  of  rock  and  soil. 
Characteristics  of  various  types  of  soil  have 
been  described.  The  designer  or  soil  con- 
sultant tests  the  soil  and  decides  what  needs 
to  be  done  with  the  soil  so  it  will  support 
the  structure  that  is  being  planned. 


Soil  plasticity  Soil  compressibility 

(plastic  limit  test)  (compression  test) 


Settlement 
(plate  test) 


_Compactlon 
(density  test) 


How  deep  is  bedrock 
(geophysical  test) 


Terms  to  Know 


T!iink  About  It ! 


voids 

cubic  yard 

bedrock 

analysis 

topsoil 

sample 

slakes 

stability 

cohesive 

laboratory 

loose  soil 

geophysical 

dense  soil 

shoring 

compress 
water  table 

piling 

1.  Describe  the  soil  in  your  community. 

2.  How  does  the  soil  in  your  community  af- 
fect the  following: 

a.  water  supply 

b.  building  foundations 

c.  basements 

d.  roadways 

e.  drainage 

f.  plant  growth 


The  previous  reading  assignments  have 
discussed  how  a project  is  begun  and  a con- 
struction site  selected.  The  next  step  in  the 
project  is  the  developing  of  a working  plan 
of  action.  This  is  a process  known  as  design. 
The  design  process  was  actually  begun  be- 
fore the  selection  of  the  site,  because  the  site 
must  fit  into  the  master  design  plan.  If  this 
had  not  been  done,  a poor  site  might  be 
selected.  This  assignment  will  introduce  the 
design  process  of  construction  involving: 
(1)  architects,  (2)  engineers,  (3)  contrac- 
tors, and  (4)  craftsmen. 


What  is  Design? 

Designing  is  finding  a solution  to  a prob- 
lem. A design  does  not  need  to  be  entirely 
different  from  any  other  designs.  It  may  be 


Fig.  10-1.  The  Mormon  Tabernacle  in  Salt  Lake  City 
is  a solution  to  one  designer's  problem. 


Designing 
and  Engineering 
Construction 
Projects 

a combination  of  ideas  arranged  in  a differ- 
ent way.  Fig.  10-1.  A traffic  system  for  a 
neighborhood  would  probably  be  the  result 
of  a design  of  this  kind.  The  designer  would 
probably  use  standard  materials,  basic 
measurements,  and  standard  curbing  and 
drainage  methods.  However,  his  use  and 
arrangement  of  these  features  might  be 
very  unusual.  Fig.  10-2.  The  result  would 
likely  be  something  entirely  different  from 
other  designs  of  this  kind.  Because  require- 
ments, purposes,  and  other  limitations  may 
change  with  each  situation,  each  design  is 
usually  unique. 

Some  problems  require  entirely  new  solu- 
tions. There  might  be  no  past  experience  or 
usable  background  information  that  would 
apply  to  the  planned  project.  “No  past  ex- 
perience” means  that  the  designer  must  be 
very  creative.  He  must  experiment  with  de- 


Fig.  10-2.  After  the  general  shape  of  the  design  has 
been  determined,  ihe  details  are 
engineered. 
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signs.  Examples  of  problems  of  this  kind 
are: 

1.  A nuclear-powered  generating  plant, 

2.  A space  station,  and 

3.  A neighborhood  nuclear  fallout  shelter. 

Each  of  these  problems  might  require  in- 
formation and  use  of  materials  different 
from  routine  construction  projects.  Also, 
there  is  usually  little  past  reference  infor- 
mation available  for  the  designer  to  see 
what  others  have  done  on  each  of  the  three 
problems.  To  design  a nuclear-powered 
generating  plant,  the  designer  must  learn 
the  scientific  principles  involved  so  his  de- 
sign can  meet  the  needs  of  the  project.  A 
space  station  will  require  many  new  ma- 
terials and  techniques.  The  design  for  a 
nuclear  fallout  shelter  would  be  based  on 
conditions  that  could  not  be  tested  without 
having  a nuclear  explosion.  Thus,  the  de- 
signer must  think  of  each  problem  in  very 
fine  detail  to  develop  a workable  design. 

In  general,  the  process  of  designing  is  the 
art  of  finding  a new  solution  to  a problem. 
The  final  product  of  a designer  is  a com- 
pleted project  such  as  a building,  a com- 
munity, or  a bridge  that  satisfies  a given 
need.  The  final  design  is  usually  presented 
in  the  form  of  drawings  and  specifications 
that  can  be  used  by  the  builders  to  produce 
the  final  project. 


Design  Considerations 

Regardless  of  the  type  of  design  project 
being  developed,  there  are  basic  factors  that 
are  common  to  all  designs.  Several  of  these 
factors  are:  (1)  function,  (2)  appearance, 
(3)  cost,  (4)  construction  materials,  and 
(5)  strength.  These  factors  are  closely  re- 
lated and  overlap,  making  it  hard  to  sepa- 
rate them. 

Almost  all  design  projects  begin  with  a 
budget  that  outlines  how  the  money  is  to  be 
spent  on  the  project.  The  hiost  important 


part  of  a construction  design  is  its  function 
or  its  ability  to  meet  the  problem’s  needs. 
For  example:  a foundation  must  support  a 
building.  If  it  will  not,  the  design  is  un- 
satisfactory regardless  of  how  economical 
or  attractive  the  foundation  may  be.  An- 
other type  of  function  is  flow  of  traffic  in  a 
parking  lot.  The  design  is  a failure  if  auto- 
mobiles cannot  enter  and  leave  the  parking 
.^.paces  in  an  efficient  manner  without  caus- 
ing traffic  jams. 

The  use  of  materials  and  strength  of  a 
design  are  important  to  the  project.  Al- 
though leather  or  steel  could  be  used  as  the 
material  for  a door  hinge,  steel  would  be 
better.  A steel  hinge  would  give  more 
strength  while  holding  the  door  securely  in 
position.  Dams  may  be  constructed  from 
earth  or  concrete  with  each  material  having 
certain  advantages  over  the  other. 


The  Design  Process 

The  designer’s  procedure  for  arriving  at 
his  final  solution  may  vary  with  the  indi- 
vidual; however,  he  will  always  approach 
the  design  process  in  an  organized  manner. 
The  steps  given  below  outline  a procedure 
that  is  commonly  used  by  most  designers. 

1.  Problem  Identification:  A problem  is 
identified  to  prove  that  there  is  a need 
that  must  be  satisfied.  Background  infor- 
mation must  be  gathered  and  evaluated 
to  understand  the  full  need.  For  example, 
a need  is  recognized  for  a design  to  pro- 
vide automobile  traffic  to  cross  a river- 
bed. Identification  of  the  problem  would 
include  (1)  setting  up  dimensions,  (2) 
finding  the  depth  of  water,  (3)  finding 
the  width  of  the  riverbed,  (4)  estimating 
the  number  of  people  who  would  need  to 
make  the  crossing,  (5)  finding  historical 
records  which  show  high  water  levels, 
and  (6)  studying  other  information  of 
this  type  to  better  understand  the  prob- 
lan. 
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2.  Preliminary  (Beginning)  Ideas:  After 
the  problem  has  been  fully  identified, 
the  designer  should  consider  as  many  so- 
lutions as  possible  with  little  regard  to 
the  details  as  to  whether  or  not  a solu- 
tion will  work.  Sketches,  notes,  and  ideas 
are  jotted  down  as  fast  as  possible  in 
hopes  that  one  idea  might  lead  to  an- 
other. Using  the  riverbed  crossing  as  an 
example,  the  designer  might  consider  re- 


The  Design  Process 


routing  the  river,  building  a bridge,  using 
a ferry  or  other  ideas.  At  this  point, 
these  ideas  have  no  limits. 

3.  Refinement  (Improvement) : After  the 
designer  has  a number  of  beginning  ideas, 
he  will  select  several  of  his  better  ideas 
for  refinement.  Refinement  usually  means 
that  specific  details  are  improved  so  that 
the  designer  can  judge  his  design.  Usu- 
ally, scale  drawings  are  made  that  will 
specify  dimensions,  shapes  and  other  fac- 
tors that  will  describe  the  designs.  At 
this  time,  it  is  better  to  improve  several 
designs  rather  than  select  only  one. 

4.  Analysis:  Analyzing  a design  is  the 
process  of  finding  the  strength  needed 
in  each  part  of  the  design.  This  phase  of 
the  design  process  is  more  closely  related 
to  engineering  than  any  other.  If  a bridge 
were  to  be  used  to  cross  the  river,  the 
proposed  structure  would  be  analyzed  to 
decide  the  size  needed  for  each  beam  and 
column. 

6.  Decision:  At  this  point,  more  than  one 
design  has  been  improved  and  analyzed. 
It  is  necessary  for  the  designer  to  make 
a decision  or  present  his  ideas  to  a group 
for  its  decision.  A decision  may  be  made 
to  (1)  accept  one  design,  (2)  combine 
several  design  features  or  the  best  solu- 
tions, or  (3)  turn  down  all  designs,  and 
repeat  the  design  process.  A design  for 
a riverbed  crossing  would  probably  be 
presented  to  a building  committee  or  a 
city  council  responsible  for  the  final  deci- 
sion. 

6.  Implementation  (Use):  When  the  deci- 
sion is  made  to  accept  a design,  the  de- 
signer supervises  the  preparation  of  the 
plans  and  specifications  from  which  the 
project  will  be  constructed.  Minor 
changes  in  the  design  may  be  made  dur- 
ing construction  which  may  require  that 
the  designer  assist  in  supervising  the 
construction. 
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Bridge,  Dam,  Stadium,  Highway 


Who  Designs? 

Construction  projects  may  be  designed  by 
either  an  architect  or  an  engineer  depend- 
ing upon  the  nature  of  the  project.  Archi- 
tects develop  master  plans  for  buildings, 
shopping  centers,  and  community  develop- 
ments. Engineers  are  more  concerned  with 
bridges,  dams,  highways,  and  utility  sys- 
tems. The  architect  in  charge  of  a shopping 
center  design  will  be  responsible  for  the 
master  plan,  but  he  will  rely  on  the  engineer 
for  designing  certain  parts  of  the  project. 
For  example,  the  engineer  will  design  the 
utility  system,  the  drainage  of  the  site,  and 
the  structural  system  of  the  building. 


An  Example  of  a Design  Problem 

The  reading  assignments  which  follow 
will  discuss  each  of  the  steps  of  the  design 
process  as  they  apply  to  the  following 
problem : 

A Camping  Facility:  A plot  is  available 
for  a camp  site  that  joins  a lakeshore. 
This  site  will  be  used  for  a weekend 
camp  for  a troop  of  20  scouts.  The 
scouts  will  need  housing,  parking 
space,  utilities,  fishing  area,  boating 
facilities,  and  similar  improvements 
that  would  help  them  enjoy  their  week- 
ends when  visiting  this  camp. 
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Summary 

The  design  process  is  a systematic  method 
of  developing  a plan  for  constructing  a 
project.  The  design  process  does  not  end  un- 
til the  project  has  been  completed.  The  six 
steps  of  the  design  process  are:  (1)  prob- 
lem identification,  (2)  preliminary  ideas,  (3) 
refinement,  (4)  analysis,  (6)  decision,  (6) 
implementation.  The  following  reading  as- 
signments will  outline  each  step  of  the  de- 
sign process  in  greater  detail.  To  illustrate 
these  steps,  reference  will  be  made  to  the 
camping  problem  stated  above. 
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Terms  to  Know 

requirements  analysis 

budget  analyze 

vary  dimensions 

problem  identification  decision 
designing  implementation 

designer  utility  systems 

efficient  data 

preliminary  design  process 

refinement  supervising 


Think  About  It! 

1.  You  have  been  asked  to  design  a neigh- 
borhood playground.  What  do  you  need 
to  do  to: 

a.  Identify  the  problem 

b.  Develop  preliminary  ideas 

c.  Define  these  ideas 

d.  Analyze  the  design 

e.  Select  the  final  design 

f.  Get  the  playground  built 
(implement  the  design) 
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Identifying  the 
Design  Problem 


Before  a design  is  attempted,  the  prob- 
lem must  be  clearly  defined  in  the  mind  of 
the  designer.  He  must  understand  what  is 
to  be  designed  and  why  it  is  necessary. 
This  step  of  the  design  process  is  called 
‘problem  identification,  Fig.  11-1. 

Whether  the  designer  is  an  architect  de- 
signing a community  development  or  an  en- 
gineer designing  a highway,  he  must  know 
the  total  needs  and  requirements  of  the 
problem.  The  basic  steps  of  identifying  a 
design  problem  include:  (1)  identification 
of  needs,  (2)  gathering  information,  and 
(3)  judging  information.  These  terms  are 
explained  in  this  reading. 


Identifying  Needs 

A design  is  always  based  on  a need.  A 
bridge  is  designed  to  span  a canyon.  A res- 
ervior  is  designed  to  store  water.  A camp 
is  designed  to  serve  the  needs  of  campers. 
If  a number  of  camping  grounds  were  avail- 
able at  a low  cost  and  at  a convenient  loca- 
tion, perhaps  the  need  would  not  exist. 
However,  if  a troop  of  boy  scouts  could  ob- 
tain a camp  that  was  better  than  those 
available,  it  would  be  a desirable  project. 
The  need  could  be  stated  as  follows: 

A camp  is  needed  to  provide  recreation 
for  Scout  Troop  403  on  Lake  Indian 
that  would  be  better  than  those  that 
are  available  and  would  be  reasonable 
in  cost. 

To  clearly  define  the  purposes  of  the  de- 
sign, the  design  statement  should  be  written 
out  on  a work  sheet.  This  should  be  done  for 
a skyscraper  project  as  well  as  a hot  dog 
stand. 


Gathering  Information 

Additional  information  is  needed  to  iden- 
tify the  problem  and  its  limitations.  For 
example,  it  would  be  necessary  to  know : 

1.  How  many  boys  would  be  using  the 
camp  on  a typical  outing? 

2.  How  often  would  the  camp  be  used? 

3.  What  kinds  of  activities  would  be 
provided? 

4.  Would  there  be  a number  of  automo- 
biles to  be  parked? 


Fig.  11-1.  Areas  that  must  be  considered  to  identify 
the  problem. 
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5.  Would  there  be  boats  to  be  housed? 

6.  Would  a permanent  bunkhouse  be 
required? 

Information  of  this  type  must  come  from 
those  involved  in  the  project  as  they  will  be 
the  ones  to  decide  what  features  are  de- 
sired. Likewise,  an  architect  must  learn 
about  the  businesses  that  are  to  be  included 
in  a shopping  center  that  he  is  to  design. 

If  a certain  site  has  been  donated  to  the 
scout  troop,  the  problem  would  involve  a 
study  of  the  site  to  decide  the  best  way  to 
take  advantage  of  its  best  features.  On  the 
other  hand,  it  may  be  necessary  to  gather 
information  on  a number  of  available  sites 
before  selecting  the  one  that  is  best  suited 
to  the  needs  of  the  scout  camp.  Information 
must  be  collected  about  the  specific  site 
selected  for  the  camp:  (1)  lot  contours  and 
dimensions,  (2)  the  location  of  trees,  (3)  the 
minimum  and  maximum  rainfall,  (4)  the 
high  and  low  levels  of  the  lake,  and 
(6)  other  characteristics  of  this  type. 

Indentifying  the  problem  for  a camp  is 
very  similar  to  identifying  the  problem  for 
the  designing  of  an  apartment  building.  In 


both  cases,  there  are  many  small  problems 
that  must  be  identified  within  the  total 
problem.  For  example,  if  the  site  shown  in 
Fig.  11-2  is  to  be  used  for  the  camp,  a bridge 
will  be  needed;  and  perhaps  a parking  lot 
and  bunkhouse  will  be  identified  as  major 
parts  of  the  total  problem. 


Judging  Information 

Information  that  has  been  gathered  con- 
cerning the  site’s  characteristics,  the  de- 
sires of  the  scout  troop  and  other  factors 
affecting  the  design  plan  should  be  judged 
(evaluated)  to  obtain  a better  understand- 
ing of  the  problem.  Evaluation  could  be 
improved  by  drawing  graphs  to  show  past 
records  and  to  make  predictions  for  the 
future.  Fig.  11-3.  Information  such  as:  the 
ages  of  the  scouts,  the  number  in  the  troop 
during  the  year,  and  rainfall  records  are 
examples  of  information  that  can  be  shown 
in  a graph.  Diagrams  can  be  used  to  repre- 
sent the  various  activities  that  have  been 
identified,  as  in  Fig.  11-4. 


GROWTH  OF  TROOP 
(1960-1976) 
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Fig.  11-2.  The  site  of  the  camping  facility. 


Fig.  11-3.  Graph  showing  membership  trend. 
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Summary 

After  identifying  a problem,  the  architect 
or  engineer  will  be  in  a better  position  to 
suggest  solutions.  He  must  understand  the 
problem  before  he  can  design.  The  three 
basic  steps  of  the  identification  process  are : 
(1)  identification  of  a need,  (2)  gathering 
of  information,  and  (3)  evaluation  of  infor- 
mation. Graphs  and  diagrams  can  be  of  help 
in  evaluating  information. 


Fig.  11-4.  A schematic  diagram  used  for  identifying 
the  problem. 


Identifying  the  Problem 

Terms  to  Know 
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identify 

problem 

limitations 

maximum 


minimum 

evaluate 

architect 

evaluation 


Think  About  It! 

1.  To  identify  a 'problem,  the  designer  first 
must  ask,  “What  is  needed?”  Describe 
the  general  needs  that  these  structures 
fill. 

a.  Warehouse 

b.  Garage 

c.  School 

d.  Hospital 

e.  Factory 

f.  Department  store 

2.  As  a way  of  gathefing  information,  the 
designer  asks  many  questions.  Imagine 
that  your  city  needs  a new,  three-story 
hospital.  How  would  you  move  people 
from  floor  to  floor? 

3.  Evaluate  your  answers  to  2.  How  will 
they  affect  the  building  design? 


IT  ^ 
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Developing 
Preliminary  Ideas 


After  a problem  has  been  well  defined, 
the  designer  should  think  up  several  differ- 
ent solutions  to  the  problem.  A number  of 
ideas  are  likely  to  be  more  valuable  to  the 
final  solution  than  are  only  one  or  two.  In 
general,  preliminary  (beginning)  ideas  will 
be  related  to  the  problem  limitations  that 
were  found  in  the  identification  step  of  the 
designing  process. 

Beginning  Ideas  and  Creativity 

Beginning  ideas  are  ideas  that  come  to 
the  designer  when  he  first  thinks  about 
possible  solutions  to  the  problem.  He  should 


Fig.  12-1.  Preliminary  idea  #1  for  the  site  plan  of  the 
camping  facility. 


not  try  to  study  these  ideas,  but  instead, 
simply  list  or  sketch  the  ideas  as  they  come. 
Being  critical  of  the  first  ideas  can  limit  the 
designer’s  freedom  of  thought.  He  should 
look  for  solutions  that  are  different  from 
existing  solutions  for  similar  problems. 

Since  the  designer  is  completely  unlimited 
at  this  point,  this  is  the  most  creative  step 
of  the  designing  process.  Suggesting  new 
solutions  might  result  in  a new  idea.  Perhaps 
the  new  idea  will  improve  older  methods  or 
will  give  an  entirely  new  way  of  looking  at 
the  problem. 

An  engineer  responsible  for  providing  a 
water  supply  for  a city  may  list  several 
older  ideas : (1)  a well,  (2)  a lake,  or  (3)  a 
pipeline.  He  might  also  develop  unusual  sug- 
gestions such  as  making  new  roofs  for  every 
home  in  the  community.  These  roofs  would 
hold  water  and  provide  each  home  with  its 
own  water  supply.  This  new  idea  might 
work.  All  ideas  should  be  considered,  even 
if  they  do  not  seem  reasonable  at  first  glance. 


Recording  Beginning  Ideas 

If  the  first  ideas  are  not  written  down  as 
they  come  to  mind,  they  might  be  forgotten. 
It  is  even  better  if  freehand  drawings  are 
made.  Even  if  the  drawing  is  a diagram,  it 
will  help  detail  the  idea.  Notes  can  be  added 
to  drawings.  Making  notes  and  drawings 
help  the  designer  find  other  ideas.  Once  the 
ideas  begin  to  come,  he  should  draw  and 
write  as  fast  as  possible  to  keep  up  the  flow 
of  his  thoughts.  Work  sheets  should  be  used 
as  permanent  records  of  his  ideas.  The  de- 
signer can  refer  to  this  work  sheet  in  the 
designing  process. 
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Developing  Preliminary  Ideas  69 


Beginning  ideas  for  the  camp  design  will 
involve  a general  layout  of  the  various  parts 
to  be  included.  For  example : the  entry  road, 
parking  lot,  bunkhouse,  and  water  facilities 
should  be  studied  by  using  the  technique 
shown  in  Fig.  12-1.  General  areas  may  be 
defined  by  using  loose  diagrams  to  show  the 
general  relationships  of  the  parts.  Another 
camp  plan  is  suggested  in  Fig.  12-2.  There, 
the  bunkhouse  is  built  on  piers  above  the 
water  and  off  the  shore  of  the  lake.  This 
process  of  sketching  general  relationships 
helps  the  designer  see  a number  of  possible 
combinations. 

The  designer  will  apply  the  same  technique 
to  each  part  of  the  overall  plan.  Using  this 
approach,  he  will  need  to  decide  the  layout 
for  the  bunkhouse.  The  diagram  in  Fig.  12-3 
shows  the  general  relationship  of  the  major 
activities  within  the  bunkhouse.  Making  sev- 
eral diagrams  like  this  will  provide  a basis 
for  the  development  of  a rough  floor  plan  as 
shown  in  Fig.  12-4.  More  than  one  diagram 
should  be  sketched  so  the  designs  can  be 
compared  with  others. 


Fig.  12-2.  Preliminary  idea  jf2  for  the  site  plan  of  the 
camping  facility. 
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Fig.  12-3.  A preliminary  idea  for  the  bunkhouse  plan. 


Fig.  12-4.  A sketch  of  a preliminary  floor  plan  of  the 
bunkhouse. 
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The  World  of  Construction 


Summary 

The  most  creative  phase  of  the  designing 
process  is  the  step  in  which  beginning  (pre- 
liminary) ideas  are  developed.  These  ideas 
can  be  as  unusual  as  the  designer  would 
like,  with  little  concern,  at  this  time,  for  the 
feasibility  of  a particular  concept.  Each  new 
idea  may  suggest  additional  ideas  from 
which  new  methods  may  be  developed.  Pre- 
liminary ideas  should  be  listed  on  work 
sheets  with  general  notes  to  outline  the  idea. 
A good  solution  is  more  likely  to  come  from 
a large  number  of  preliminary  ideas  than 
from  a single  one.  Freehand  drawings  may 
be  in  the  form  of  pictures  or  diagrams.  The 
next  step  of  the  design  process  will  be  the 
refining  of  several  of  the  better  preliminary 
ideas. 


Terms  to  Know 

preliminary  creative 

problem  layout 


solution  relationships 

diagram 


Think  About  It! 

1.  Preliminary  means  “before  the  main 
business.”  Why  should  a designer  sketch 
and  write  his  preliminary  ideas,  before 
he  works  out  exact  dimensions? 

2.  At  a “brainstorming”  session,  several 
people  work  together  to  create  new  ideas 
for  solving  a problem.  Each  person  is 
free  to  borrow  and  change  the  ideas  of 
others,  but  no  one  criticizes  an  idea  in  a 
negative  way.  Try  “brainstorming”  to 
create  one  of  these  structures. 

a.  A house  than  can  be  cleaned  inside 
and  out;  using  hot  water  from  a 
garden  hose. 

b.  A combination  garage  and  storage 
area  that  can  be  kept  free  of  animals, 
insects,  and  excess  dampness. 


>0^ 


Refining  Ideas 


The  problem  has  been  identified.  Prelim- 
inary ideas  have  been  collected.  The  next 
step  is  refinement  (improvement);  During 
refinement,  the  designer  will  develop  several 
of  his  preliminary  ideas  into  more  complete 
form.  Some  of  the  first  ideas  may  appear  to 
be  workable  in  rough,  freehand  form,  but 
may  not  be  acceptable  when  they  ha\  e been 
refined  and  drawn  to  scale. 


Drawing  to  Scale 

Preliminary  ideas  have  been  drawn  free- 
hand, with  very  little  attention  to  dimen- 
sions, shapes,  and  sizes.  The  plan  for  a 
parking  lot  may  be  in  the  form  of  a general 
area  sketched  on  the  site  plan.  When  actual 
dimensions  are  not  used,  it  is  very  easy  for 
a freehand  sketch  to  be  misleading.  A park- 
ing lot  sketch  could  be  much  too  small  for 
the  number  of  cars  that  are  to  be  parked. 
Thus,  to  decide  whether  or  not  the  pre- 
liminary ideas  will  work  as  planned,  they 
should  be  drawn  again  to  scale.  It  might 
then  be  necessary  to  turn  down  a prelimi- 
nary idea  or  to  improve  it  so  that  it  will 
be  workable. 

More  than  one  of  the  first  ideas  should  be 
improved  to  give  a selection  of  ideas  and  a 
comparison  of  different  concepts.  The  de- 
signer should  not  select  a solution  to  the 
problem  too  early.  Selecting  a solution  too 
soon  could  eliminate  ideas  that  might  be 
better.  The  designer  should  refer  to  his  first 
ideas  and  sketches  on  his  work  sheets  and 
refer  to  his  problem  identification  work 
sheets.  Idea  refinement  requires  the  de- 
signer to  do  more  thinking  and  use  less 


creative  expression  than  in  the  previous 
step  of  the  design  process.  During  the  re- 
finement step,  the  designer  tries  to  use  the 
best  ideas  for  a workable  solution.  The  solu- 
tion can  then  be  constructed  to  give  the  best 
results  at  the  best  cost. 


Refining  a Boathouse  Design 

An  example  of  the  refining  process  can 
be  shown  in  the  development  of  a boat- 
house design  for  the  scout  camp  problem. 
While  the  problem  was  being  identified,  it 
was  decided  that  four  boats  would  be  stored 
and  housed  for  protection  at  the  lake’s 
shore.  A preliminary  idea  is  shown  in  Fig. 
13-1  in  a general  layout  form.  This  sketch 
gives  only  a rough  idea  as  to  how  the  boat- 
house might  be  designed,  but  it  is  not  drawn 
to  scale.  Then  this  preliminary  sketch  is 
drawn  to  scale  with  more  specific  dimen- 
sions and  details. 


Fig.  13-1.  A preliminary  sketch  of  a floor  plan  of  a 
boathouse. 
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The  World  of  Construction 


A scale  drawing  of  the  boathouse  floor 
plan  is  shown  in  Fig.  13-2.  Notice  that  the 
dimensions  of  the  boats,  the  items  to  be 
stored,  and  the  width  of  the  walkways  have 


DOORS  COLUMNS 

Fig.  13-2.  A refinement  of  the  preliminary  boathouse 
plan. 


been  used  as  the  basis  for  the  dimensions 
of  the  boathouse. 

Although  the  floor  plan  is  the  beginning 
point  for  a workable  design  of  this  type, 
thought  must  also  be  given  to  the  type  of 
roof,  outside  walls,  height,  and  the  general 
exterior  of  the  building.  An  exterior  refine- 
ment is  shown  in  Fig.  13-3.  As  the  design  is 
improved,  details  of  construction  (ways  of 
hoisting  boats  out  of  the  water,  what  ma- 
terial to  select,  and  how  much  construction 
will  cost)  become  important.  As  the  refine- 
ment process  continues,  suggestions  must 
be  made  for  each  of  these  items. 


Rejecting  Re6ned  Ideas 

At  any  point  during  the  design  process, 
the  designer  may  discover  that  his  design 
will  not  work.  If  this  happens,  he  must  re- 


Fig.  13-3.  Refined  drawing  of  exterior  of  the  boathouse. 
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turn  to  his  earlier  steps  (his  preliminary 
ideas)  to  select  another  idea  to  be  developed. 
This  procedure  is  repeated  until  he  feels 
that  the  best  solution  has  been  obtained. 

An  engineer  may  select  a site  for  a bridge 
that  seems  to  be  the  most  likely  location. 
After  studying  the  site  in  greater  detail,  he 
may  find  facts  indicating  that  this  site 
would  be  highly  expensive  or  impractical 
for  the  bridge.  He  may  then  consider  other 
sites  that  might  be  better  and  that  could 
serve  the  same  purpose  at  a lower  cost.  If 
the  cost  of  moving  the  highway  to  the  new 
bridge  site  would  be  much  higher  than  the 
cost  of  the  bridge,  perhaps  the  added  ex- 
pense for  the  bridge  in  its  original  location 
would  be  justified.  Cost  or  time  limitations 
may  cause  the  engineer  to  reject  the  pre- 
liminary ideas. 


Summary 

Refining  is  the  first  step  in  judging  the 
beginning  ideas  with  respect  to  the  master 
plan.  The  beginning  ideas  are  improved, 
drawn  to  scale,  and  studied  to  obtain  a 
realistic  idea  of  the  size,  form,  and  details 
of  the  design.  Dimensions  such  as  roof 
height,  square  footage,  storage  space,  park- 
ing areas,  and  structural  parts  can  be 
checked  as  the  design  is  improved  and 
drawn  to  scale.  Refinement  drawings  are 
not  finished  plans  from  which  the  project 
could  be  constructed.  They  are  general  scale 
drawings  that  will  show  important  details 
that  should  be  defined  as  early  as  possible 
before  the  design  is  analyzed. 

During  the  refining  of  a preliminary  idea, 
the  designer  may  see  problems  that  cannot 


be  as  easily  solved  as  he  had  once  thought. 
He  should  select  other  preliminary  ideas  to 
improve.  The  designer  should  then  try  to 
adapt  several  of  the  better  idecs  of  the  re- 
jected design  to  his  new  ideas.  Rejection  is 
not  to  be  considered  a failure  in  the  design 
process,  but  merely  a natural  procedure  in 
finding  a solution  to  a problem. 

Rather  than  putting  all  his  efforts  into  a 
single  idea,  the  designer  should  develop  and 
refine  several  workable  ideas.  He  will  then 
be  in  a better  position  to  select  the  best 
design.  Before  he  can  make  a final  decision 
on  which  design  is  actually  the  best,  he 
must  study  his  design  for  function,  strength 
and  cost  This  is  the  nect  step  of  the  design 
process  which  is  covered  in  the  following 
reading  assignment. 


Terms  to  Know 

refinement  preliminary  ideas 

drawn  to  scale  rejection 

sketch  creative 

exterior 


Think  About  It! 

1.  When  a design  idea  is  to  he  refined,  exact 
sizes  become  important.  What  dimen- 
sions and  activities  need  to  be  studied 
if  you  were  designing  a classroom  for 
school  music  activities. 

2.  Suggest  some  things  that  could  go  wrong 
if  a designer  did  not  carefully  “work  out” 
the  music  room  sizes  and  dimensions. 


When  a preliminary  design  has  been  re- 
fined, it  must  then  be  analyzed  (studied)  to 
determine  its  acceptability,  Fig.  14-1.  When 
an  engineer  has  refined  a design,  he  must 
analyze  (study)  his  design  to  decide  what 
will  give  (1)  the  best  structure,  (2)  the  best 
use  of  the  site,  and  (3)  the  most  useful 
project. 


Structural  Analysis 

A simple  structural  analysis  is  illustrated 
in  Fig.  14-2.  A diving  board  has  been  drawn 
to  scale.  The  maximum  load  of  impact  (when 
a swimmer  jumps)  at  the  end  of  the  board 
has  been  figured.  The  problem  is  to  figure 
the  load  at  point  A that  would  be  necessary 
to  anchor  the  board  when  a maximum  load 
of  600  pounds  is  applied  at  point  C (the  end 
of  the  board)  by  the  diver.  Since  the  board 


Fig.  14-1.  Hydraulic  engineers  are  checking  water 
flow  patterns  for  spillways  on  a model  of 
a dam. 


Analyzing  the 
Design 


is  supported  at  point  B,  the  pnnciple  of  the 
lever  can  be  applied  to  the  design. 

The  ratio  of  loads  at  each  end  will  be 
opposite  in  proportion  to  the  dimensions  AB 
(3')  and  BC  (6') . Notice  that  BC  is  twice  as 
long  as  AB.  Thus,  the  load  at  point  A must 
be  twice  as  much  as  the  load  at  point  C.  The 
engineer’s  technique  in  making  this  analy- 
sis, using  mathematics  and  physics,  is  shown 
on  his  analysis  worksheet  in  Fig.  14-3. 
Notice  that  he  has  sketched  the  diving 
board  in  a diagram  form  to  help  him  define 
his  analysis  problem  in  its  simplest  terms. 

After  the  engineer  has  completed  his 
figuring,  he  has  found  that  a load  of  1,200 
pounds  would  be  required  to  anchor  the  div- 
ing board  to  offset  the  maximum  load  ap- 
plied by  a diver.  A safety  factor  of  2 is 
applied  to  make  sure  that  the  anchor  is 
adequate.  A number  of  rocks  could  be  used 
to  apply  a dead  weight  of  2,400  pounds. 
Concrete  could  be  used  in  place  of  the  rocks. 


MAX.  LOADS 

LOADS?  600  LBS. 


Fig.  14-2.  Even  the  design  of  the  diving  board  must 
be  analyzed. 
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or  pilings  could  be  driven  in  the  bank.  If 
pilings  were  to  be  used  as  the  anchor,  the 
engineer  would  have  to  analyze  how  to 
fasten  the  board  to  the  pilings  and  the  hold- 
ing power  of  the  soil  on  the  pilings.  The 
engineer  would  know  which  type  of  anchor 
to  use  after  his  study. 


Site  Analysis 

Analysis  of  a design  might  involve  the 
analysis  of  a construction  site  in  order  to 
prevent  problems  of  drainage,  allow  path- 
ways for  access,  and  to  permit  grading  or 
excavation  (leveling  or  digging  earth) . For 
example,  the  contour  map  of  the  scout  camp 
would  need  to  be  analyzed  to  determine  how 
the  rainwater  would  drain.  Notice  that  a 
bunkhouse  located  in  the  position  shown  in 
Fig.  14-4  would  be  in  the  path  of  the  water 
drainage.  Draining  water  could  cause  dam- 
age to  the  building. 


LOAD=?  600  LBS. 


SUPPORT 

Mg  = LOAD  X 3 FT.  - 600  LBS.X  6 FT.  = 0 
= LOAD  X 3 FT.  = 3600  FT.  LBS. 


LOAD  = 


3600  FT.  LBS. 

3 FT. 

1200  LBS. (LOAD  AT  A) 


SAFETY  FACTOR  OF  2 

SAFE  LOAD  = 1200  LBS.  x 2 = 2400  LBS. 


Some  areas  of  the  site  are  better  suited 
for  certain  activities  than  others.  For  ex- 
ample, a parking  lot  should  be  located  where 
the  site  is  most  level  and  nearest  to  the 
road.  This  will  reduce  earthmoving  and  the 
length  of  the  access  road. 

The  steepness  of  the  ground  will  also 
affect  the  feasibility  of  a roadway.  A scale 
drawing  could  be  used  to  analyze  the  prob- 
lem of  unloading  a boat  in  the  lake.  It  can  be 
seen  in  Fig.  14-5  that  it  would  be  hard  to 
back  a boat  trailer  to  the  lakeshore  without 
site  and  roadway  preparation.  If  the  incline 


**USE  LOAD  OF  2400  LBS.  AT  POINT 
A TO  ANCHOR  DIVING  BOARD 

Fig.  14-3.  Engineers  use  mathematics  and  physics  as 
their  tools  to  analyze  this  diving  board 
design. 


ANALYSIS  OF  A CONTOUR  MAP  SHOW 
HOW  WATER  DRAINAGE  COULD  DAMAGE 
THE  BUNKHOUSE  IF  PLACED  IN  THIS 
POSITION 


Fig.  14-4.  Site  and  structure  must  be  analyzed  to  see 
if  they  fit  together. 
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is  too  steep,  it  will  be  impossible  for  a car  to 
pull  the  trailer  and  boat  uphill.  Analysis  of 
the  boat  launching  problem  and  many  other 
problems  is  all  a part  of.  site  analysis  at  the 
proposed  camp. 


Functional  Analysis 

Another  type  of  analysis  is  functional 
analysis.  This  type  of  study  will  show  if  the 
idea  or  design  will  work.  This  involves  the 
analysis  of  such  things  as  (1)  materials  to 
be  used,  (2)  ease  of  operation,  and  (3)  flow 


TOO  STEEP  — 
CAUSE  DAMAGE 


ANALYSIS  OF  AN  INCLINE  TO 
THE  BOAT  LAUNCHING  AREA  ^ 


Fig.  14-5.  Boat-launching  inclines  must  be  figured. 


ANALYSIS  OF  THE  PROCEDURE  OF 
LIFTING  A BOAT  FROM  THE  WATER 
FOR  DRY  STORAGE  IN  A SUSPENDED 
POSITION 


Fig.  14-6.  Boat-lifting  procedures  must  also  be 
considered. 


or  movement  (as  in  the  case  of  a hallway, 
driveway,  or  fishing  dock).  For  example,  a 
long  fishing  dock  would  not  work  if  it  were 
so  narrow  that  one  fisherman  could  not  walk 
past  another.  Likewise,  an  access  road  to 
the  bunkhouse  should  provide  space  for 
turning  a car  around  so  that  the  driver 
would  not  have  to  back  out  the  entire 
distance. 

The  boat  house  must  be  designed  with 
thought  for  safety  and  human  use.  For  in- 
stance, if  the  boats  are  to  be  hoisted  out  of 
the  water  with  a pulley  system,  the  designer 
must  decide  (1)  how  much  pull  must  be 
used,  and  (2)  the  distance  above  the  water 
that  the  boats  will  be  held.  Then  he  must 
provide  the  necessary  space  for  this  to  be 
done.  Figure  14-6  shows  the  procedure  of 
pulling  the  boat  out  of  the  water.  Using  the 
weight  of  the  boat  and  the  pull  that  must  be 
used  to  hoist  the  boat,  the  designer  must 
provide  enough  space  for  a person  to  safely 
stand  while  hoisting  the  boat  This  involves 
an  analysis  of  human  factors  and  the  body 
movements  that  would  be  needed  to  apply 
the  pull.  A crowded  area  would  make  this 
a difficult  task. 

The  act  of  getting  out  of  a boat  onto  a 
platform  at  the  side  of  the  boat  would  need 
to  be  thought  out  and  a means  for  steady- 
ing the  boat  decided  upon.  The  necessary 
handrails  and  safety  devices  that  would  im- 
prove this  situation  would  have  to  be  pro- 
vided. Sometimes  an  analysis  of  this  kind 
must  be  performed  at  the  site  of  the  project, 
where  the  conditions  of  the  problem  can 
actually  be  seen. 


Summary 

Analysis  is  the  process  of  determining 
whether  or  not  a design  solution  will  actually 
work  under  specific  conditions.  The  struc- 
tural members  are  analyzed  to  make  sure 
that  they  have  been  adequately  designed. 
This  type  of  analysis  is  structural  analysis. 
Other  types  of  analysis  that  apply  to  most 
construction  projects  are:  (1)  site  analysis 
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and  (2)  functional  analysis.  The  analyzing 
process  may  identify  problems  in  the  pro- 
posed design  solution.  These  problems  might 
make  it  necessary  for  the  designer  to  return 
to  another  preliminary  idea  that  would  give 
a more  workable  solution. 


proportional 

site  analysis 

hoist 

pilings 

feasibility 

physics 


Terms  to  Know 

structural  analysis 

functional  analysis 

analyze 

adequate 

maximum 

ratio 

principle  of  the 
lever 

Think  About  It! 


Suppose  that  you  have  been  asked  to 
purchase  and  install  recreation  equip- 
ment for  a neighborhood  playground. 

a.  What  special  structural  ’problems  do 
you  think  should  be  considered? 

b.  What  functional  problems  need  your 
study  before  you  install  the  equip- 
ment? 

c.  What  site  problems  do  you  need  to 
study  before  you  install  the  equip- 
ment ? 


Analyzing*  A Design 


•Contour 

■Access 

•Drainage 

.Availability 
of  utilities 


.Traffic 
flow 

- Safety 
-Operation 


Strength 

-Shape 

-Size 

-Dimension 


-Relation- 
ships 

•-Maintenance 


-Soil 
characteristics 


NOTE:  These  are  only  a few  factors 
considered  in  making  an  analysis. 
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When  several  designs  have  been  refined 
and  analyzed  and  found  to  be  satisfactory, 
the  one  that  will  be  constructed  must  be 
selected.  The  process  of  choosing  is  called 
the  decision  step  of  the  design  process.  This 
is  an  important  step.  There  is  always  the 
possibility  of  rejecting  the  proper  solution 
or  accepting  the  wrong  solution.  The  re- 
sponsibility for  making  the  final  decision  on 
a design  solution  may  lie  with  the  designer, 
an  individual  owner,  or  a committee  of 
individuals,  such  as  the  city  council.  The 
designer  of  an  outdoor  patio  would  probably 
make  the  decision  as  to  which  design  he 
would  select.  On  the  other  hand,  the  de- 
signer of  a utility  plant  would  have  to  pre- 
sent his  designs  to  a city  council  for  its 
decision  of  which  one  would  be  best  at  a 
cost  that  could  be  afforded.  See  Fig.  15-1. 


Fig.  15-1.  The  design  of  this  city  sewage  plant  hod 
to  be  approved  by  a city  council. 
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Decision  by  the  Designer 

The  designer  who  will  decide  which  de- 
sign will  be  built  will  go  through  much  the 
same  process  as  he  would  if  he  presented 
his  design  to  a group.  The  main  difference 
would  be  in  the  process  of  presenting  his 
ideas.  Since  the  designer  is  familiar  with  the 
problem,  he  would  make  several  sketches, 
scale  drawings  (Fig.  15-2),  and  pictorial 
views  of  each  design  to  help  him  compare 
the  designs  that  he  is  considering.  His  next 
step  would  be  to  list  the  advantages  and 
disadvantages  of  each  design.  This  list  could 
serve  as  a guide  in  arriving  at  his  final 
choice.  In  effect,  he  is  communicating  with 
himself  through  sketches,  drawings,  and 
notes  to  make  sure  that  all  aspects  of  the 
solutions  are  considered. 


Decision  by  Others 

If  the  designer  must  get  permission  from 
someone  else  or  a group,  he  must  approach 
the  problem  in  much  the  same  way  as  noted 
above.  He  must,  however,  place  more  em- 
phasis on  explaining  his  ideas.  In  order  for 
the  deciding  individual  or  group  to  have  a 
sound  basis  for  making  a decision,  the  de- 
signer must  explain  his  ideas  step  by  step. 
One  design  may  be  far  better  than  another, 
but  it  may  cost  more.  Perhaps  the  deciding 
person  or  committee  would  change  the 
budget  to  make  the  more  expensive  design 
possible,  if  it  were  clear  that  this  expensive 
design  would  cost  less  in  the  long  run. 

The  designer  does  not  wish  to  trick  any- 
one. He  wants  . to  present  both  sides  of  the 
issue.  A deciding  committee  is  often  made  up 
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Fig.  15-2.  The  designer  makes  scale  drawings  of  the  structure  to  help  him  consider  alternatives. 
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of  people  who  have  different  backgrounds 
and  who  may  not  understand  the  technical 
aspects  of  the  problem  being  presented.  In 
such  a case,  the  designer  must  prepare 
visual  aids  that  will  make  it  possible  for 
him  to  explain  the  details  of  his  design  and 
to  identify  the  factors  that  must  be  con- 
sidered in  the  decision,  Figs.  15-3,  15-4, 
and  15-5. 


Presentation  of  the  Design 

In  order  for  the  designer  to  present  his 
design,  he  may  use  a number  of  visual  aids. 
He  may  use  models,  flip  charts,  slides,  pic- 
tures, diagrams,  graphs,  or  any  similar 


Fig.  15-3.  Scale  models  help  in  decision  mbking  by 
enabling  one  to  see  the  project. 


techniques.  Architects  may  construct  a scale 
model  of  an  entire  city  development.  Since 
the  average  person  can  understand  a model 
much  more  easily  than  he  can  understand  a 
detailed  drawing,  models  are  excellent  for 
this  kind  of  presentation.  When  a model  can- 
not be  used,  pictorial  drawings  are  used  to 
show  the  appearance  of  the  project  in  its 
finished  form.  Photographic  slides  of  similar 
design  solutions  may  also  be  used  as  an 
example  of  the  kind  of  design  that  is  being 
proposed. 

Tables  of  figures,  costs  of  construction, 
and  other  information  of  this  type  are  easy 
to  analyze  if  plotted  on  a graph.  A graph 
permits  easy  analysis  of  the  trends  and 
past  histories  of  such  information  as  popu- 
lation figures,  cost  of  various  materials,  and 
the  trends  of  labor  costs.  Simple  bar  graphs 
and  line  graphs  can  be  easily  drawn  on  a 
flip  chart  and  presented  and  explained  to 
several  people  at  one  time.  Without  many 
hours  of  study,  it  would  be  impossible  for  a 
person  who  was  unfamiliar  with  the  prob- 
lem to  make  a wise  decision  as  to  which 
design  would  be  the  best.  The  designer  can 
stop  this  waste  of  time  by  developing  his 
presentation  with  his  audience  in  mind. 

The  presentation  may  be  given  to  an  in- 
dividual, a small  group  of  four  or  five  people. 


Fig.  15-4.  The  designer  presents  his  designs  to  a 
group  to  aid  them  in  making  a decision. 
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Fig.  15-5.  When  the  designs  are  rather  simple,  a set 
of  working  drawings  may  be  presented  to 
the  committee.  The  sketch  here  is  one 
example  of  a plan  and  elevation  of  a shoe 
store  attached  to  a men's  store. 

A.  Left  wall,  men's  shop. 

B.  Right  wall,  women's  and  children's  shop. 
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or  it  may  be  given  to  a larger  group  of  a 
hundred  or  more.  This  would  be  the  case  if 
presentation  were  given  to  members  of  a 
community  who  were  responsible  for  voting 
on  the  construction  of  a new  school.  The 
presentation  would  outline  the  advantages 
and  disadvantages  of  the  project  and  make  a 
suggestion  for  a solution.  The  overflow  of 
present  school  facilities  and  the  expected 
number  of  children  in  the  next  few  years 
would  be  important  factors  to  point  out.  The 
location  and  the  convenience  of  the  school 
would  also  be  important  factors. 


Working  Drawings 

If  the  project  is  rather  simple,  such  as  a 
design  for  a service  station  or  a paved  park- 
ing lot,  the  completed  working  drawings 
may  be  presented  to  the  committee.  Com- 
pleted working  drawings  are  drawings  that 
are  fully  detailed  and  dimensioned,  and 
could  be  used  in  constructing  the  final 
project.  They  will  be  supplemented  with 
sketches,  pictures,  and  other  diagrams  as 
mentioned  above.  On  the  other  hand,  the 
proposed  design  for  an  apartment  building 
would  probably  be  presented  in  general 
form  before  the  investment  was  made  in 
preparing  additional  detailed  drawings.  The 
proposed  plans  would  show  the  appearance 
of  the  building,  its  general  site  layout,  the 
floor  plan,  and  sufficient  details  to  provide 
a complete  impression  of  what  the  finished 
design  would  look  like.  Once  the  proposed 
plan  has  been  approved,  the  detailed  work- 
ing drawings  and  specifications  would  be 
prepared. 

The  presentation  for  the  bunkhouse  de- 
sign for  the  camping  site  would  need  views 
of  the  outside,  an  accurate  floor  plan,  and 
diagrams  explaining  the  foundation  and 
proposed  construction  methods.  The  de- 
signer would  use  these  drawings  and  dia- 
grams to  present  his  idea  to  the  troop.  The 
troop  would  then  decide  which  arrangement 
seemed  best  and  should  be  accepted. 
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Summary 

In  the  design  process,  a decision  must  be 
made  to  (1)  accept,  (2)  change,  or  (3)  re- 
ject the  design.  It  is  necessary  for  the  de- 
signer to  present  his  ideas  and  suggestions 
as  clearly  as  possible  to  the  individual  or 
group  responsible  for  making  the  decision. 
An  excellent  design  may  be  rejected  if  the 
designer  is  unable  to  present  his  ideas  in  an 
understandable  form.  In  most  cases,  he  will 
need  to  make  use  of  visual  aids,  expecially 
pictures,  to  present  his  ideas. 

The  designer  must  develop  his  ability  to 
discuss  design  problems  with  groups  and 
make  suggestions  based  on  facts  and  his 
analysis  of  the  problem’s  needs.  If  his  de- 


sign is  properly  thought  out  and  he  can  ob- 
tain approval  from  the  deciding  committee, 
the  next  step  will  be  the  implementation 
of  this  design.  This  will  begin  with  the 
preparation  of  detail  working  drawings  from 
which  the  project  will  be  constructed. 


Terms  to  Know 


Think  About  It! 

1.  Imagine  that  you  have  designed  two 
plans  for  a neighborhood  park.  A com- 
mittee of  businessmen,  parents,  teach- 
ers, and  city  officials  may  choose  one  of 
your  plans.  What  questions  might  these 
people  ask,  before  tfiey  decide  on  one 
plan? 

2.  How  might  you  use  each  of  the  following 
devices  to  help  answer  their  questions? 

a.  Models 

b.  Photographs  of  similar  projects 

c.  Bar  graphs  and  tables  of  figures 

d.  Diagrams  that  show  function  or  move- 
ment 


decision 
designer 
advantages 
disadvantages 
scale  model 


scale  drawing 
presentation 
visual  aids 
working  drawings 
investment 
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Making 
Working  Drawings 

The  working  drawings  in  the  construction 
contract  for  a project  give  the  physical  de- 
tails needed  to  build  the  project.  They  are 
used  by  all  people  responsible  for  the  con- 
struction of  the  project.  They  are  used 
especially  by  the  construction  contractor 
and  his  workmen,  Fig.  16-1.  Working  draw- 
ings that  are  even  more  detailed  than  those 
in  the  construction  contract  are  often  made 
in  the  offices  of  the  contractor  and  his  sub- 
contractors; This  is  done  to  guide  their  own 
work.  These  working  drawings  are  called 
shop  drawings.  See  Figs.  16-2  and  16-3.  The 
contract  drawings  and  shop  drawings  for  a 
project  must  be  accurate  and  complete  if 
the  project  is  to  be  successfully  constructed. 


A Set  of  Working  Drawings 

The  working  drawings  in  the  contract  for 
a small,  simple  construction  project  may 
have:  (1)  a site  plan,  (2)  a foundation 
plan,  (3),  floor  plans,  (4)  a roof  plan,  (5) 
elevations,  (6)  sections,  and  (7)  details.  In 
simple  projects,  all  of  the  physical  details  of 
the  project  are  shown  in  this  one  set  of 
drawings.  Each  drawing  shows  not  only  the 
physical  form  of  the  project,  but  also  all  of 
the  mechanical,  electrical,  and  structural 
parts  of  the  project.  Fig.  16-3, 

In  larger  or  more  difficult  projects,  sepa- 
rate sets  of  drawings  are  made.  One  set 
shows  the  details  of  the  site  plan  such  as 
excavation  (earth  removal)  limits,  paving 
requirements,  river  control,  or  detour  con- 
struction. These  are  called  civil  drawings. 

When  necessary  to  the  project,  other  sets 
of  working  drawings  also  are  prepared. 


Architectural  drawings  are  made  to  show 
many  details  of  the  physical  form  of  the 
project.  Mechanical  and  electrical  drawings 
show:  (1)  heating,  (2)  cooling,  (3)  drain- 
age, (4)  plumbing,  (5)  elevator  and  moving 
stair,  (6)  ventilating,  (7)  lighting,  and  (8) 
electrical  requirements.  Structural  drawings 
also  are  made  to  show  the  detailed  struc- 
tural needs  of  the  project. 

The  set  of  working  drawings  in  the  con- 
tract for  a project  may  have  architectural, 
civil,  mechanical  and  electrical,  and  struc- 
tural drawings  all  separated  into  sets.  This 
is  done  so  the  drawings  can  be  read  easily 
without  getting  them  mixed  up. 

In  very  complex  projects,  these  sets  of 
working  drawings  may,  in  turn,  be  further 
divided  into  more  sets.  For  example,  sepa- 
rate sets  for  heating,  plumbing,  and  electri- 
cal distribution  may  be  made.  A complete 
set  of  working  drawings  for  a large,  compli- 
cated project  may  have  hundreds  of  sepa- 
rate drawings. 


Accuracy 

Each  of  the  drawings  in  a set  of  working 
drawings  must  be  accurately  drawn  to  scale 
and  dimensioned.  That  is,  the  lengths, 
widths,  and  position  of  each  part  of  the 
project  must  he  noted  as  loell  as  drawn  to 
scale.  This  is  a must,  because  the  paper  on 
which  drawings  are  made  and  reproduced 
shrinks  and  stretches  with  changes  in  the 
amount  of  moisture  in  the  air.  A large 
drawing,  accurately  drawn  to  scale  today, 
may  not  be  exactly  the  same  size  tomorrow. 
Also,  a drawing  of  a large  project  (Fig.  16- 
1)  cannot  be  drawn  full  size. 
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The  dimensions  of  a drawing’s  parts  must 
be  put  down  so  they  may  be  quickly  and 
accurately  read  from  the  drawings.  If  every 
workman  had  to  scale  the  size  of  every  part 
of  the  project  he  worked  on,  many  mistakes 
would  be  made,  and  much  valuable  time 
would  be  lost. 

Accuracy  in  dimensioning  is  very  impor- 
tant. All  of  the  dimensions  on  a drawing 
must  add  up.  For  example,  all  of  the  dimen- 


sions of  rooms  inside  a building,  plus  the 
thickness  of  the  outside  walls  and  the  walls 
separating  rooms,  must  add  up  to  the  dimen- 
sions given  for  the  outside  width  and  length 
of  the  structure.  A mistake  in  any  one 
dimension  might  result  in  a part  of  the 
project  being  mislocated. 

Care  also  must  be  taken  to  make  sure  that 
dimensions  shown  on  separate  drawings 
relate  to  one  another.  All  of  the  dimensions 


Fig.  16-1.  This  bridge  is  being  built  from  working  drawings. 


Fig.  16-2.  This  drawing  shows  details  of  a part  of  the  bridge. 


Fig.  16-3.  This  working  drawing  shows  the  front  elevation  and  the  top  view  of  the  bridge. 
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of  a foundation  plan  might  add  up,  and  all 
of  the  dimensions  of  the  first  floor  plan 
might  add  up.  However,  column  dimensions 
on  the  first  floor  plan  might  not  be  located  so 
they  rest  on  top  of  the  foundation  dimen- 
sions on  the  foundation  floor  plan,  unless  the 
plans  are  carefully  checked  to  make  sure 
that  they  do.  . 


Summary 

Working  drawings  may  be  one  of  two 
kinds.  They  may  be  either  contract  drawings 
or  shop  drawings.  Shop  drawings  are  made 
by  construction  contractors  or  their  subcon- 
tractors to  guide  their  own  work.  Contract 
drawings  are  made  by  the  project  designers 
and  their  consultants.  They  spell  out  the 
physical  conditions  the  contractor  must 
provide  when  he  builds  a project. 

A basic  set  of  working  drawings  may  be 
made  up  of  seven  kinds  of  drawings:  (1) 
site  plan,  (2)  foundation  plan,  (3)  floor 
plans,  (4)  roof  plan,  (5)  elevations,  (6) 
sections,  and  (7)  details.  In  simple  projects, 
this  one  set  of  seven  drawings  is  used  to 
show  all  of  the  physical  details  of  the  proj- 
ect. In  more  complex  projects,  separate  sets 
of  working  drawings  are  made  for  the 
architectural,  civil,  mechanical  and  electri- 
cal, and  structural  features  of  the  project. 
In  very  complex  projects,  even  more  ^ts  are 
needed. 

Each  of  the  drawings  in  a set  of  working 
drawings  must  be  accurately  drawn  to  scale 
and  dimensioned.  The  outside  (overall)  di- 
mensions must  equal  the  sum  of  all  the 
dimensions  in  a straight  line.  Also,  the 
location  of  each  part  of  the  project  on  one 
drawing  must  match  the  locatipns  shown  on 
all  the  other  drawings  of  the  set. 


Terms  to  Know 

contract  drawings  constructed 

working  drawings  complex 

shop  drawings  dimensions 


civil  drawings  dimensioned 

contractor  accuracy 

subcontractor 


Think  About  It! 

1.  What  types  of  working  drawings  will  you 
need  to  explain  the  layout  and  construc- 
tion details  for  a neighborhood  play- 
ground ? 


Typical  Set  Of 
Working  Drawings 
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Construction  specifications  are  written 
instructions  to  the  builders  about  a project 
to  be  constructed.  They  match  and  are  used 
along  with  working  drawings.  They  are  im- 
portant because  they  give  details  and  in- 
structions about  the  construction  job  which 
are  easier  to  put  into  words  than  into  draw- 
ings. Also,  when  there  is  a difference  be- 
tween the  drawings  and  the  specifications, 
the  specifications  are  followed. 

Specification  Content  and  Uses 

Specifications  tell  about  the  materials 
and  work  needed  for  a construction  project. 
Fig.  17-1.  They  describe  the  work  to  be 
done  and  give  the  limitations  set  by  the 
owner,  such  as  job  completion  deadlines, 
penalty  clauses,  payments,  change  of  or- 
ders, and  procedures.  The  kind  and  quality 
of  workmanship,  fixtures,  materials,  and 
equipment  wanted  are  all  written  out  in 
specifications.  They  also  give  instructions 
dealing  with  different  parts  of  the  project, 
such  as  plumbing,  electrical  fixtures,  and 
wiring.  The  materials  to  be  used  and  the 
finishes  for  these  materials  are  also  given 
in  specifications. 

General  conditions  of  the  project  (such 
as  guidelines  to  be  followed  about  perform- 
ance standards,  order  and  importance  of  job 
performance,  and  the  way  the  work  is  to  be 
done)  are  given  in  specifications.  Special  con- 
ditions for  very  difficult  work  which  need  to 
be  pointed  out  and  clearly  defined  also  are 
given.  In  short,  specifications  tell  all  about 
a construction  project  in  writing.  Figure 
17-2  lists  several  factors,  individuals,  and 
groups  that  influence  the  specifications  of 
a construction  project. 


Specifications  are  used  by  contractors  to 
estimate  a bid  on  a job.  After  a bid  has 
been  accepted,  the  specifications  are  used 
as  a part  of  the  contract  between  an  owner 
and  the  contractor.  They  can  be  added  to 
the  contract  and  become  part  of  it  when  it 
is  signed  by  the  owner  or  the  contractor. 

Sometimes  a book  of  written  contract 
documents,  referred  to  as  the  specifications, 
is  divided  into  four  kinds  of  documents. 
These  include:  (1)  bidding  requirements. 


Fig.  17-1.  Specifications  are  prepared  by  men  who 
have  knowledge  about  construction 
materials,  costs,  and  building  codes. 
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Principal  Contributors  To  Specifications 


Research  and 
Academic 

• Language 

• New  developments 

• Training 


Trade  and 

Professional 

Organizati9ns 

• Create  standards 

• Develop  languages 
and  processes 


Architect/ 

Engineer 

• Design 

• Select 

• Specify 

• Approve 

• Inspect 


Owner 

• Functional  & 
economic 
requirements 


Contractor 

• Bid 

• Order  materials 

• Hire  labor 

• Obtain  approvals 

• Install  or  construct 

• Inspect 


Labor 

Unions 

• Work  rules 

• Labor  rates 

• Methods 

Fig.  17-2. 


Legal 

Profession 

• Language 

• Contracts 

• Liability 


Financial 

Institutions 

• Standards 

• Approvals 


Code 

Approval 

Authorities 

• Standards 

• Approvals 


Material 

Producer/ 

Supplier 

• Create  products/ 
processes 

• Produce 

• Inspect/test 

• Deliver 
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Fig.  17-3.  The  general  conditions  which  relate  to  a 

project,  such  as  those  above,  commonly  are 
written  and  attached  to  the  specifications. 


(2)  contract  forms,  (3)  general  conditions 
Fig.  17-3,  and  (4)  specifications.  This  as- 
signment is  mainly  about  specifications.  The 
nthpr  documents  will  be  studied  later. 


Kinds  of  Specifications 

There  are  four  major  kinds  of  specifica- 
tions. These  are:  (1)  outline  specifications, 
(2)  standards  specifications,  (3)  guide 
specifications,  and  (4)  project  specifications. 
Outline  specifications  are  made  up  when  the 
design  phase  of  a project  begins  and  pre- 
liminary drawings  are  made.  These  speci- 
fications give  only  an  outline  (the  main 
facts)  about  materials  to  be  used  and  how 
they  are  to  be  used  for  the  job. 

Standards  specifications  are  those  which 
are  made  up  by  different  companies  about 
the  use  of  their  own  materials.  These  are 
usually  standard  or  the  same  for  each  ma- 
terial used.  If  a company  specification  is 
used  for  a certain  product,  it  may  also  have 
an  “or  equal”  term  tagged  on  the  end.  See 
items  “C”  and  “D”,  Fig.  17-4.  This  means 


Fig.  17-4.  Shown  here  is  a typical  materials 

specification  for  one  feature  of  the  work 
to  be  done. 
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that  another  company’s  material  of  the 
same  kind  and  quality  may  be  used  if  writ- 
ten permission  is  given  by  the  architect  or 
owner.  The  American  Society  of  Testing 
Materials  has  standard  specifications  for 
many  materials.  In  addition,  Sweets  Catalog 
gives  many  specifications  for  many  kinds  of 
work  and  materials. 

Guide  specifications  are  a kind  of  check 
list  which  can  be  used  for  writing  specifi- 
cations. They  tell  about  things  which  may 
be  needed  for  a job.  Guide  specifications  are 
put  together  in  order  and  have  blanks 
which  a specification  writer  can  fill  in  to 
show  the  specifications  he  needs  for  a job. 
They  act  as  a guide  for  writing  project 
specifications  and  help  a specification  writer 
organize  the  specifications  in  the  right  order. 

Project  specifications  are  usually  made 
up  of  outline  specifications,  standards  spec- 
ifications, and  guide  specifications.  They  are 
the  finished  specifications  which  have  been 
made  for  one  special  construction  project. 


When  Speci6cations  Are  Made 

Specifications  cannot  be  made  until  most 
of  the  decisions  about  materials  and  equip- 
ment have  been  made.  However,  because  of 
time  limits  and  deadlines,  specifications  are 
usually  started  as  soon  as  the  preliminary 
drawings  are  done.  Work  which  is  not  likely 
to  be  changed  later  is  started  at  this  time. 
Examples  of  specifications  which  can  be  done 
early  are  those  for  general  conditions  of  the 
project,  earthwork,  and  concrete  work.  As 
more  drawings  are  made,  the  specification 
writer  continues  identifying  and  preparing 
complete  specifications.  By  working  along 
with  the  drawings  in  this  way,  specifications 
can  be  finished  soon  after  final  drawings  are 
done. 


Specification  Writers 

In  a small  office,  the  man  who  makes  the 
working  drawings  may  also  make  the  spec- 


ifications. However,  in  larger  firms,  there 
may  be  one  or  more  people  whose  only  job 
is  to  write  specifications  and  to  keep  a 
specification  file  up  to  date.  A specification 
writer  must  have  knowledge  and  experience. 
He  must  know  about  construction  practices 
and  materials.  He  must  know  the  newest 
materials  and  ways  of  using  them.  Fig.  17-5. 
He  also  needs  to  know  where  to  go  for  in- 
formation and  facts  he  doesn’t  know.  He 
must  be  able  to  find  state,  county,  village, 
and  city  building  codes  or  ordinances  so  his 
specifications  will  agree  with  them.  Infor- 
mation from  trained  men  in  the  construction 
industry  and  standard  specifications  is  help- 
ful to  a specification  writer.  He  must  know 
where  to  get  this  information.  With  experi- 
ence, a specification  writer  is  able  to  write 
specifications  correctly,  to  do  them  without 
wasting  time,  and  to  organize  them  well. 


How  Specifications  Are  Made 

There  are  at  least  four  ways  to  make 
specifications.  First,  a specification  writer 
may  get  a set  of  old  specifications  written 
for  a job  much  like  the  one  he  is  working 
on  now.  He  can  write  it  over,  adding  or 
taking  away  anything  needed  or  not  needed 
for  this  project. 


Fig.  17-5.  The  specifications  writer  must  keep  up  with 
new  materials  and  their  uses. 
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Bidding  Roquiromontt 


Invitation  to  Bid 
Instruction  to  Bidders 
Form  of  Bid  Proposal 
Contract  Forms 
General  Conditions 

Supplementary  General  Conditions 
Special  Conditions 
Specifications 

Division  1 — General  Requirements 
0170  Alternates 
Division  2 — Site  Work 
0211  Demolition 

0221  Site  Grading 

0222  Excavation  and  Backfilling 
0274  Irrigation  System. 

0281  Soil  Preparation 

0282  Lawns 

0284  Trees  and  Shrubs 
Division  3 — Concrete 
0310  Concrete  Formwork 
0320  Concrete  Reinforcement 
0331  Heavyweight  Aggregate  Concrete 
0341  Precast  Concrete  Panels 
Division  4 — Masonry 
0410  Mortar 

0422  Concrete  Unit  Masonry 
Division  5 — Metals 
0661  Metal  Stairs 
0670  Ornamental  Metals 
Division  6 — Carpentry 

0621  Wood  Trim 

0622  Millwork 

Division  7 — Moisture  Protecilon 
0711  Membrane  Waterproofing 

0761  Built-up  Bituminous  Roofing 

0762  Metal  Roof  Flashing  and  Trim 
0790  Calking  and  Sealants 

Division  8 — Doors,  Windows,  and  Glass 
0812  Aluminum  Doors  and  Frames 
0820  Wood  Doors 
0839  Revolving  Doors 
0862  Aluminum  Windows 
0860  Wood  Windows 


0870  Finish  Hardware 
0886  Glass  and  Glazing 
Division  9 — Finishes 
0913  Gypsum  Lath 
0916  Plastering  Accessories 
0916  Plaster 

0926  Gypsum  Drywall  System 

0927  Gypsum  Drywall  Finishing 
093'1  Ceramic  Tile 

0941  Cast-in-place  Terrazzo 
0967  Wood  Parquet  Flooring 
0966  Resilient  Flooring 
0990  Painting 
0996  Wall  Covering 
Division  10 — Specialties 
1013  Chutes 
Division  11 — Equipment 
1132  Audio-Visual  Aids 
1197  Stage  Equipment 
Division  12 — Furnishings 
1240  Carpets  and  Mats 
1260  Drapery  and  Curtains 
Division  13 — Special  Construction 
1386  Swimming  Pool 
Division  14 — Conveying  Systems 
1420  Elevators 
Division  15 — Mechanical 
1610  Basic  Materials  and  Methods 

1621  Water  Supply  Piping 

1622  Domestic  Hot  Water  System 
1626  Soil  and  Waste  Piping 

1629  Roof  Drainage  System 

1630  Plumbing  Fixtures  and  Trim 
1680  Air-Tempering  System 
1690  Refrigeration 

1696  HVC  Controls  and  Instruments 
Division  16 — Electrical 
1610  Basic  Materials  and  Methods 
1630  Electrical  Distribution  System 
1640  Lighting  Fixtures 
1661  Telephone  Equipment 
1671  Motors  and  Motor  Controls 
1696  Lightning  Protection  System 


Fig.  17-6.  The  Construction  Specifications  Institute  outline  for  specificotions. 
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Second,  if  he  does  not  have  a set  of  old 
specifications  much  like  the  job  he  is  working 
on,  a specification  writer  may  gather  to- 
gether several  sets  of  specifications.  Then 
he  may  use  the  cut  and  clip  procedure.  To 
do  this,  he  cuts  out  the  sections  of  the 
specifications  which  he  needs  for  this  job. 
Then  he  clips  them  to  a page  and  puts  in 
additions  where  they  are  needed.  By  doing 
this,  he  is  able  to  build  up  a new  set  of 
specifications  without  writing  all  parts  from 
the  beginning. 

Third,  a specifications  writer  may  write 
specifications  by  the  paragraph  procedure. 
To  do  this,  he  uses  a specifications  file.  This 
file  has  file  cards  in  it.  Each  file  card  has  a 
single  statement  paragraph  on  it.  The  writer 
gets  all  the  cards  needed  for  the  specifica- 
tions he  is  working  on,  puts  them  in  order, 
and  makes  up  a set  of  new  specifications 
from  the  cards. 

Fourth,  guide  specifications  can  be  used. 
These  are  forms  which  are  organized  in 
order  and  have  blanks  for  filling  in  needed 
information.  The  specification  writer  fills  in 
the  blanks  he  needs  to  make  a set  of  spec- 
ifications. 


Specification  Format 

Specifications  are  set  up  and  written  in 
the  same  order  that  the  job  is  to  be  done. 
The  sections  are  kept  in  order,  and  every- 
thing about  one  part  of  the  job  is  kept  to- 
gether. For  example,  everything  about 
earthwork  is  put  together.  Everything  about 
plumbing  is  in  one  section,  and  so  on,  until 
the  whole  job  is  described.  Writing  speci- 
fications in  this  way  makes  it  easier  for  a 
contractor  to  estimate  a job  and  to  decide 
who  is  going  to  do  each  part  of  a job.  A 
sample  set  of  specification  sections  and 
divisions  is  shown  in  Fig.  17-6.  These  have 
become  widely  used  in  the  construction  in- 
dustry. 

Specifications  are  usually  written  on  8V&" 
by  11"  paper.  This  makes  them  easy  to 


work  with.  The  title  page  comes  first.  The 
title  page  includes : (1)  the  title  of  the  speci- 
fication, (2)  the  kind  of  work  the  specifi- 
cations are  for,  (3)  where  the  work  is  to 
take  place,  (4)  the  name  and  address  of  the 
owner,  (5)  the  name  and  address  of  the 
architect,  (6)  the  date,  and  (7)  the  job 
number.  Next,  there  is  usually  a table  of 
contents.  The  specifications  follow  this.  Spec- 
ification information  is  usually  titled,  num- 
bered by  sections,  and  written  in  paragraph 
form.  See  Fig.  17-4. 
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Summary 

Construction  specifications  are  written  in- 
structions to  the  builder  about  a project  to 
be  constructed.  They  tell  about  the  materials 
and  Work  needed  for  a construction  project. 
They  are  used  by  contractors  to  estimate  and 
bid  for  a job,  and  they  become  part  of  a con- 
tract after  a bid  has  been  accepted. 

There  are  four  parts  to  specifications. 
While  drawings  for  a project  are  being 
made,  specifications  are  started.  By  working 
along  with  the  drawings,  specifications  can 
be  finished  soon  after  final  drawings  are 
done. 

Specification  writers  need  both  knowledge 
and  experience.  They  write  specifications  in 
four  ways.  These  are:  (1)  getting  an  old 
set  of  specifications  and  working  it  over  for 
the  new  job,  (2)  using  several  sets  of  spec- 
ifications and  cutting  and  clipping  them  to 
get  one  new  set,  (3)  writing  them  by  the 
paragraph  procedure  which  requires  the  use 
of  a specification  file,  and  (4)  using  guide 
specifications. 

Specifications  are  written  in  sections  in  the 
same  order  that  the  job  is  to  be  done.  This 
makes  it  easier  for  a contractor  to  estimate 
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a job  and  to  decide  who  is  going  to  do  what 
job. 

Terms  to  Know 

construction 
specifications 

a.  outline 

specifications 

b.  standards 

specifications 

c.  guide 

specifications 

d.  project 

specifications 

Think  About  It! 

1.  You  have  been  selected  as  the  contractor 
to  build  a playground.  What  are  some  of 
the  specifications  you  would  need,  in 
writing,  about: 

a.  General  conditions 

b.  General  requirements 

2.  What  could  you  do  if  some  of  the  spec- 
ified materials  could  not  be  purchased  in 
your  area? 


fabrication 
liability 
allotted 
an  estimate 
a bid 

“or  equal” 
specifications  file 
building  codes 
ordinance 
format 
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The  Designing  and 
Engineering  Cycle 


The  previous  reading  assignments  have 
discussed  six  steps  of  the  designing  process 
as  they  would  be  applied  to  different  types 
of  problems  of  the  construction  industry. 
These  suggested  steps  are  not  rigid  steps 
that  must  be  followed  in  every  detail  to 
arrive  at  a completed  plan  of  action,  but 
they  should  serve  as  a general  guide  for  the 
designer.  He  must  consider  each  of  the  steps 
of  the  design  process  as  presented,  but  he 
may  change  the  order  of  the  steps.  Usually, 
a better  design  will  result  from  an  organ- 
ized approach  rather  than  from  an  unor- 
ganized effort. 


Steps  in  the  Design  Process 

The  design  process  is  composed  of  six 
steps:  (1)  problem  identification,  (2)  pre- 
liminary ideas,  (3)  refinement  (improve- 
ment), (4)  analysis,  (5)  decision,  and  (6) 
implementation  (use). 

The  first  step  in  the  designing  process  is 
problem  identification.  Someone  must  see 
the  need  for  a problem’s  solution.  In  the 
construction  industry,  this  is  usually  a pri- 
vate investor,  a public  agency,  or  a business 
corporation.  For  example,  the  Ajax  Corpo- 
ration may  wish  to  build  a manufacturing 
plant  in  a certain  area  of  the  state.  They 
may  see  the  need  for  the  plant  to  increase 
their  present  production,  or  to  enter  a com- 
pletely new  field  of  manufacturing  for  a new 
product.  Once  they  have  seen  this  need  and 
have  agreed  to  l^gin  with  the  project,  they 
will  hire  an  architect  or  engineer  to  set  up 
a working  plan  from  which  the  new  plant 
could  be  constructed.  At  this  point,  the  per- 
son in  charge  of  the  project  becomes  the 
designer',  however,  his  design  must  follow 


the  general  requirements  and  desires  of  the 
corporation  for  whom  the  plant  is  being 
built. 

The  designer  is  unable  to  find  a solution  to 
the  problem  until  he  fully  understands  the 
problem  and  its  requirements.  During  the 
identification  phase,  the  designer  will  gather 
the  following  information:  (1)  the  desires 
of  the  client  (the  corporation),  (2)  the 
needs  of  the  plant,  (3)  the  facilities  re- 
quired, and  (4)  the  building  regulations  at 
the  site,  to  name  a few.  The  designer  must 
also  consider:  (1)  future  expansion,  (2) 
availability  of  resources,  (3)  power,  (4) 
utilities,  (6)  labor,  and  (6)  costs.  An  eval- 
uation of  this  information  can  be  used  to 
help  him  understand  the  problems  that  he 
must  solve  with  his  design. 

Step  two  in  the  design  process  is  the 
development  of  preliminary  (beginning) 
ideas.  These  first  ideas  are  thought  up  in 
great  numbers  to  provide  a wide  variety  of 
solutions  to  the  design  problem.  These  ideas 
usually  are  recorded  as  freehand  sketches 
and  notes  to  be  used  as  a guide  for  further 
study.  All  ideas  .'re  collected  for  review, 
whether  or  not  they  seem  to  be  practical. 
Sometimes  unusual  ideas,  when  applied  to  a 
new  situation,  will  give  a new  solution  to  a 
problem. 

To  refine  (improve)  these  beginning  ideas, 
scale  drawings  are  made  of  several  of  the 
better  ones  (step  three  of  the  design 
process).  Exact  information,  such  as  sizes, 
shapes,  lengths,  and  angles,  is  necessary 
before  the  design  can  be  analyzed  in  the 
next  step  of  the  designing  process.  Refine- 
ment is  the  improvement  of  a beginning 
idea  into  a more  detailed  form.  Several  ideas 
should  be  refined,  rather  than  only  one  idea 
selected  early  in  the  process. 
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During  step  four,  each  of  the  refined  ideas 
is  analyzed  in  these  areas : 

1.  Selection  of  structural  materials  of 
the  necessary  strength, 

2.  Analysis  of  the  site  to  decide  upon  the 
best  possible  layout,  and 


The  Complete  Design  Process 

Problem  Identification 
Recognize  need 
Gather  data 
Evaluate  data 

* 

Preliminary  Ideas 
Develop  ideas 
Make  sketches 
Write  ideas 
Record  thoughts 

V ~ 

Refinement  (Improvement) 

Select  better  beginning  ideas 
Make  scale  drawings 
Determine  lengths,  sizes, 
shapes,  angles 

V ~ 

Analysis 

Structural  analysis 
Site  analysis 
Functional  analysis 
Cost  analysis 

V ~ 

Decision 

Prepare  graphs,  charts, 
diagrams,  schematics 
Presentation  to  the  group 
Decision  — acceptance  or 
rejection 

T ~ 

Implementation  (Use) 
Preparation  of  working 
drawings  & specifications 
construction  of  the  project 


3.  Deciding  as  to  whether  or  not  the  idea 
is  efficient  by  analyzing  the  functions 
of  important  areas. 

When  the  design  process  has  reached  this 
point,  the  most  desirable  design  must  be 
selected  for  construction  (step  five — deci- 
sion). In  the  case  of  the  corporation,  the 
officers  and  directors  of  the  company  will  be 
responsible  for  this  decision.  The  designer 
must  present  the  background  of  his  design 
and  the  process  by  which  he  approached  its 
solution. 

After  it  is  decided  which  design  is  to  be 
constructed,  the  designer  will  prepare  plans 
and  specifications  that  will  explain  the  de- 
tails of  construction  to  the  builders.  The 
process  of  preparing  these  plans  and  speci- 
fications and  the  construction  of  the  project 
are  called  implementation.  (This  is  the  last 
step  of  the  design  process.) 

The  designer  often  closely  watches  the 
construction  of  the  project  in  order  to  make 
changes  in  the  plans  as  the  need  arises.  It 
is  very  difficult  to  prepare  plans  that  will 
cover  every  detail  completely.  Therefore,  the 
builders  must  help  in  suggesting  ways  to 
improve  weaknesses  in  the  details  of  the 
plans.  On  a large  project,  to  a limited  extent, 
the  contractor,  technicians,  and  craftsmen 
participate  in  the  designing  process. 

Plans,  working  drawings,  and  specifica- 
tions are  prepared  in  the  last  step  of  the 
design  process  before  construction  begins. 
This  area  is  closely  related  to  the  field  of 
drafting.  The  engineers  and  architects  de- 
velop construction  details  that  are  drawn  by 
draftsmen  in  standard  form.  These  details 
will  be  blueprinted  and  given  to  the  builders 
and  contractors  who  will  construct  various 
parb*  of  the  project 

Changes  in  the  Design  Cycle 

The  design  process  is  outlined  as  a set  of 
six  steps  that  are  usually  followed  in  arriv- 
ing at  a design  solution.  This  does  not  mean 
that  a single  idea  should  be  taken  through 
each  of  the  six  steps  one  at  a time.  Instead, 
a number  of  ideas  should  be  developed  be- 
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fore  an  attempt  is  made  to  develop  a final 
solution.  Several  ideas  should  be  refined  and 
analyzed  to  give  other  solutions.  As  ideas 
are  carried  through  the  steps  of  the  design 
process,  reasons  may  be  found  for  turning 
them  down.  For  example,  a solution  may  be 
found  to  be  too  expensive,  not  strong  enough, 
or  too  small.  In  this  case,  the  designer  will 
return  to  another  idea  or,  perhaps,  return 
to  the  first  step  of  the  design  process  and 
develop  other  solutions  that  will  be  carried 
through  the  steps  of  the  designing  process 
again.  This  cycle  could  be  changed  at  the 
decision  step  if  the  client  (person  hiring  the 
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designer)  disagrees  with  the  designer's 
solution. 

Summary 

The  designing  process  is  the  step-by-step 
approach  used  by  a designer  to  find  a solu- 
tion for  a.  problem.  A recognized  series  of 
steps  is  used  for  all  construction  projects 
(an  athletic  stadium,  highway,  or  any  other 
structure).  This  cycle  can  stop  at  any  step, 
and  the  designer  may  go  back  to  a previous 
step  and  develop  new  ideas.  A designer  does 
not  design  by  chance,  but  through  a system- 
atic approach.  The  end  result  of  the  de- 
signing process  should  be  a constructed 
project  which  best  meets  the  original  needs 
of  the  project.  Since  changes  in  the  master 
plan  may  need  to  be  improved  during  con- 
struction, the  designing  process  does  not 
end  until  the  project  has  been  completed. 
Without  careful  planning  and  designing,  a 
completed  project  might  turn  out  to  be  un- 
satisfactory. 

Terms  to  Know 

design  cycle  architect 

organize  engineer 

construct  client 

scale  drawings 

Think  About  It! 

1.  Suppose  you  are  asked  to  design  the  stage 
sets  for  a school  play.  What  questions 
might  you  ask  to  help  identify  the  design 
problem! 

2.  After  you  sketch  and  note  many  prelimi- 
nary ideas,  you  will  refine  some  of  them. 

a.  What  dimens. ons  will  you  need  before 
you  start  draiving  to  scale!  (Think  of 
the  curtains,  the  ways  of  entering  and 
leaving  the  stage,  and  all  the  other  size 
limits.) 

b.  Why  will  you  need  to  know  what  the 
actors  do  on  the  stage? 
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Let  us  now  suppose  that  the  design  is 
completed.  The  next  decisi-’n  the  owner  must 
make  is  who  will  do  the  construction  work? 
In  general,  the  owner  has  three  choices: 

1.  He  might  do  the  work  himself. 

2.  He  might  select  a construction  con- 
sultant who  is  also  a builder. 

3.  He  might  choose  a construction  con- 
tractor. 

The  owner  does  not  often  build  a project 
by  himself.  This  is  only  done  if  the  job  is 
very  small,  if  the  owner  and  his  employees 
have  the  necessary  skills  to  do  the  work,  or 
if  the  owner  has  enough  construction  jobs 
to  keep  a complete  construction  crew  of  his 
own  busy  at  all  times,  Fig.  19-1. 

Sometimes  a construction  consultant  both 
designs  and  builds  a project.  The  consultant 
who  does  this  is  often  called  an  architect- 
engineer-constructor.  The  job  itself  is  some- 


Flg.  19-1.  Large  companies  such  as  railroads  employ 
their  own  architects,  engineers,  and 
construction  crews. 


times  referred  to  as  a “turnkey”  job,  be- 
cause one  company  prepares  the  plans  and 
constructs  the  project,  and  then  turns  the 
key  over  to  the  owner.  The  advantage  of  this 
method  is  that  only  one  organization,  the 
architect-engineer-building  company,  is  re- 
sponsible for  seeing  that  everything  is  done. 
The  disadvantage  is  that  this  may  be  an 
expensive  way  to  get  a project  built,  for 
very  often  there  is  little  competition. 

Commonly,  a construction  project  is  built 
by  a contractor  who  has  competed  with 
others  for  the  job.  The  owner  chooses  the 
contractor  by  comparing  what  several  con- 
tractors say  it  would  cost  them  to  do  the 
job.  The  owner  makes  the  contract  with  the 
one  who  has  said  he  can  do  the  job  correctly 
for  the  least  amount  of  money.  The  contract 
is  an  agreement  between  the  oivner  and  the 
contractor  as  to  how  much  the  oivner  will 
pay  to  have  that  contractor  build  the  project, 
Fig.  19-2. 


Fig.  19-Z  This  contracting  company  probably  was 
awar'ted  this  job  contract  after  submitting 
the  lowest  bid. 
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Kinds  of  Contracts 

In  the  construction  business,  there  are 
four  general  kinds  of  contracts:  (1)  fixed 
price,  (2)  cost  plus  a fixed  fee,  (3)  cost  plus 
a percentage  of  cost,  and  (4)  incentive. 


Fig.  19-3.  A contractor  must  consider  the  cost  of  any 
new  equipment  needed  to  do  the  job. 


Fig.  19-4.  Contractors  consider  the  cost  of  all  the 
materials  in  making  a bid  estimate. 


In  the  fixed  price  contract,  the  contractor 
agrees  to  do  all  the  building  according  to 
the  owner’s  plans  and  specifications  for  a 
set  sum  of  money  which  is  to  be  paid  by  the 
owner.  Sometimes,  especially  for  buildings, 
this  amount  is  stated  as  a single  lump  sum. 
For  example.  Bill  Smith,  a painting  con- 
tractor, might  agree  to  paint  John  Jones’s 
house  for  $600.  The  $600  is  called  a single 
lump  sum  (fixed  price). 

The  unit  price  contract  is  a different  kind 
of  fixed  price  contract.  The  unit  price  con- 
tract is  often  used  for  any  project  which 
uses  heavy  construction  equipment.  For  ex- 
ample, if  there  is  to  be  excavating  and  pav- 
ing for  a project,  there  might  be  one  price 
for  the  excavation  and  one  price  for  the 
paving.  The  price  might  look  like  this : 

103,000  cubic  yards  of 
common  excavation  at 
30  cents  per  cubic 

yard  $30,900 

12,700  square  yards  of 
asphalt  pavement  at 
$5.00  per  square 

yard  63,500 

Total  $94,400 

The  contract  itself  would  have  an  estimated 
quantity  of  cubic  yards  or  square  yards. 
Payment  would  be  made  on  the  actual  quan- 
tity. If,  on  the  above  project,  only  100,000 
cubic  yards  were  actually  excavated,  the 
contractor  would  receive  100,000  x 30  cents 
or  $30,000. 

In  the  cost-plus-a-fixed  fee  (CPFF)  con- 
tract, the  owner  agrees  to  pay  the  contractor 
whatever  it  costs  to  do  the  job  (materials, 
use  of  equipment,  and  labor)  plus  a fixed 
sum.  (See  Figs.  19-3  and  19-4).  For  ex- 
ample, the  ABC  Construction  Company 
might  agree  to  build  a plastics  factory  for 
what  it  costs  them  to  build  it,  plus  a fee  of 
$100,000.  This  fee  of  $100,000  is  to  cover 
ABC’s  overhead  (such  as  the  cost  of  its 
home  office)  and  profit. 

The  CPFF  contract  is  used  in  many  cases. 
It  is  most  often  used  when  large  industrial 
plants  are  to  be  built  and  whenever  the  work 
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must  begin  before  plans  and  specifications 
are  completed. 

Some  owners  find  that  CPFF  is  a very 
good  way  to  get  their  projects  built.  Other 
owners  feel  that  the  contractor  has  too  little 
reason  to  be  economical  or  efficient  because 
the  owner  pays  the  cost  no  matter  what  it  is. 
Also,  the  expenses  involved  in  bookkeeping 
and  accounting  for  a CPFF  contract  are 
very  high.  Some  contractors  like  CPFF  be- 
cause they  believe  that  the  fee  gives  them  a 
good  profit  without  much  risk.  Others  like  to 
take  the  risk  involved  in  a fixed  price  con- 
tract because  they  think  their  efficiency  will 
help  them  make  a greater  profit  than  they 
would  get  from  the  fee  of  a CPFF. 

The  co8t-plu8-a-percentage~of-co8t  contract 
(CPPC)  is  one  in  which  the  contractor  is 
paid  a flat  percentage  of  his  cost.  For  ex- 
ample, he  may  be  given  a contract  to  build 
a plastics  factory  for  the  amount  of  what- 
ever it  will  cost  him  ($1,600,000)  plus  an 
8%  fee  ($1,600,000  x .08  or  $120,000).  This 
kind  of  contract  is  rarely  used.  In  fact,  on 
most  public  work  the  CPPC  contract  is 
illegal.  This  is  because  a poor  contractor 
(one  who  is  not  economical  or  efficient)  will 
receive  higher  fees  than  an  efficient  one. 

In  the  incentive  contract,  a target  esti- 
mate is  made.  If  the  contractor  should  do 
the  job  for  less  than  the  estimated  cost,  he 
gets  to  keep  a part  of  the  saving.  If  it  should 
cost  more  than  the  estimated  amount,  his  fee 
is  reduced.  Thus,  the  contractor  has  a good 
reason  (incentive)  to  keep  the  cost  down. 

Suppose  the  owner  and  contractor  agree 
that  the  plastics  factory  should  cost  $1,600,- 
000  and  the  contractor  will  get  a fee  of 
$120,000  for  building  it.  They  might  also 
agree  that  if  the  factory  actually  costs 
$1,300,000,  the  contractor  would  get  half  of 
whatever  he  saved  plus  his  regular  fee  of 
$120,000,  a total  of  $220,000.  The  contract 
might  further  state  that  if  it  should  cost 
$1,700,000,  the  contractor’s  fee  would  be  re- 
duced to  $60,000.  Use  of  the  incentive  con- 
tract is  usually  limited  to  work  that  costs 
more  than  $1,000,000. 


Advertised  and  Negotiated  Contracts 

Most  public  contracts  and  many  private 
contracts  are  advertised.  That  is,  the  owner 
places  notices  in  newspapers,  magazines, 
and  with  contractors'  associations  asking 
contractors  to  send  in  their  bids  (the 
amount  for  which  each  could  do  the  job). 
Figs.  19-5  and  19-6.  Public  contracts  are 
usually  advertised  because  it  is  thought  fair 
to  give  every  qualified  contractor  the  chance 
to  bid,  since  they  are  also  taxpayers.  Private 
contracts  are  sometimes  advertised  because 
the  competition  created  by  advertising 
usually  results  in  the  lowest  cost  for  the 
project. 

Any  contractor  who  can  convince  the 
owner  that  he  is  able  to  build  the  project  is 
usually  eligible  to  bid.  Advertised  contracts 
are  generally  fixed  price  contracts.  Because 
the  various  contractors  are  bidding  against 
one  another,  each  contractor  is  encouraged 
to  turn  in  his  lowest  possible  bid.  This  tends 
to  lower  the  price  that  the  owner  has  to  pay. 

Negotiated  contracte  are  any  contracts  in 
which  the  owner  and  the  contractor  talk 
together  to  reach  an  agreement  on  the  terms 
of  the  contract.  The  price  is  always  one  of 
the  teiTTis.  Sometimes  the  owner  compares 


ADVERTISEMENT  FOR  BIDS 

Legal  Notka 

SEALED  PROPOSALS  WILL  BE  RECEIVED  at  the  pffice 
of  the  Secretary  of  the  Board  of  Education  of  the  City  of 
Chicago,  up  to  the  hour  of  12  NOON  of  MONDAY,  MARCH 
11,  1971.  for  the  following  school  work: 

SUNDRY  SCHOOLS  — General  Work  Ir.  connection  with 
ALTERATIONS  and  IMPROVEMENTS. 

Plans  and  specifications  may  be  obtained  at  the  Board 
of  Education,  Bureau  of  Architecture,  Room  564,  228 
North  LaSalle  Street,  Chicago,  Illinois  60601. 

SAUL  SAMUELS,  Director  Bureau  of  Architecture 
EDWINA.LEDERER,  Associate  Superintendent  in 
Charge  of  Operation  Services 

February  23, 1971 
DCN,  Feb.  23,  1971  172 


Fig.  19-5.  Public  contracts  often  ore  advertised  in 
newspapers. 
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prices  by  trying  to  negotiate  with  more  than 
one  contractor. 

Negotiated  contracts  are  useful  in  certain 
circumstances.  For  example,  the  owner 
might  want  to  limit  the  bidders  to  those  con- 
tractors he  is  sure  are  qualified  for  the 
specific  project  he  needs  to  have  built.  If 
only  four  contractors  were  known  to  have 
had  experience  in  building  a certain  kind  of 
industrial  plant,  the  owner  might  decide 
to  limit  bidding  to  those  four.  Negotiated 
contracts  might  also  be  used  if  it  were  im- 
portant to  save  time  and  to  begin  the  work 
before  plans  and  specifications  were  com- 
pleted. By  their  very  nature,  some  kinds  of 


low  biddtrs.  contract  awards 


CHGO  23  »472  199B 
1ST  REPT  2-9-68 

ADMINISTRATION  BUILDING  (INT  ALTS)  — $45,000 

AURORA  ILL  (KANE  CO)  152  GLENWOOD  PL 

G C-PLBG-HTG-VENTG-AIR  CONDTG  & ELEC  AWARDED- 
START  WORK  SOON 

OWNER-BD  OF  EDU-WEST  SIDE  SCHOOLS-DIST  »129- 
HAROLD  G FEARN  (SUPT)  152  GLENWOOD  PL- 
AURORA  ILL 

ARCHT-BERGER-KELLEY-UNTEED  & SCAAGS-501  W UNI- 
VERSITY-CHAMPAIGN ILL  & 1612  W NORTHWEST 
HWY-ARLINGTON  HEIGHTS  ILL 

ENGR  (PLBG  HTG-VENTG-AIR  CONDTG-ELEC)  — BELING 
ENGRG-807'/,  S NEIL  AVE-CHAMPAIGN  ILL 
INCLS  MINOR  PLBG  WK-AIR  CONDTG-HTG  & ELEC 
CHANGES-CARPT  WK  - ACOUST  TILE  - VINYL  ASB 
TILE-CARPETING  & PTG  WK 

G C INCLS  ALL  TRADES  EXCEPT  PLBK-HTG-VENTG-AIR 
CONDTG  & ELEC 

G C - BANKS  & WEGMAN-755  N OHIO-AURORA  ILL 

PLBG-HTG-VENTG  & AIR  CONDTG-R  J O’NEIL  INC- 
900  S UNION-AURORA  ILL 

ELEC-GLENN  PIERCE  ELEC  INC-311  ASHLAND  AVE-  AU- 
RORA ILL 

CHGO  27  «472  880 

CAR  WASH-$15,000 

CHICAGO  ILL  (CCX)K  CO)  2717  E 95TH  ST 

PERMIT  GRANTED-WORK  TO  BEGIN  AT  ONCE 

OWNER  • JM  V CORP-11435  S WENTWORTH-CHICAGO 
ILL 

ARCHT-WM  CONVEY-20  E MAIN  ST-GLENWOOD  ILL 
MAS  EXT  WALLS-1  STY-NO  BASMT-28xl05  FT  DIMS 

OWNER  AWDS  SEP  CONTS 

Fig.  19-6.  Contract  awards  commonly  are  listed  in 
special  reports  or  in  trade  publications. 


contracts,  like  CPPP,  CPPC,  and  incentive 
require  some  negotiation. 


Others  Who  Help  to  Build  the  Project 

So  far,  we  have  considered  that  the  job  is 
to  be  done  by  the  contractor’s . company. 
Actually,  few  contractors  do  all  the  work 
with  their  own  employees.  Contractors  are 
usually  general  contractors.  They  are  called 
general,  because  they  are  the  ones  who  have 
the  overall  or  general  contract  with  the 
owner. 

The  general  contractor  subcontracts  parts 
of  the  job  to  specialists.  Fig.  19-7.  For  ex- 
ample, The  Smith  Construction  Company,  a 
general  contractor  who  is  to  build  a house, 
might  subcontract  all  of  the  plumbing  work 
to  the  Jones  Plumbing  Company.  The  agree- 
ment between  the  Smith  Company  and  the 
Jones  Company  is  called  a subcontract.  It 
would  be  the  same  if  the  Smith  Company 
would  decide  to  buy  their  lumber  from  a 
particular  lumberyard.  This  lumberyard 
would  be  called  the  supplier  and  the  contract 


Fig.  19-7.  The  superstructure  on  this  bridge  is  being 
set  up  by  a subcontractor.  Other 
subcontractors  may  set  the  foundations,  install 
utilities,  and  do  the  painting. 
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between  the  two  companies  would  be  called 
a supply  contract. 


Summary 

The  usual  way  for  an  owner  to  get  his 
project  built  is  to  hire  a general  contractor. 
The  agreement  between  the  owner  and  the 
contractor  may  be  one  of  four  kinds  of  con- 
tracts: fixed  price,  CPFF,  CPPC,  or  incen- 
tive. The  owner  may  advertise  or  negotiate 
for  the  project.  The  general  contractor  may 
subcontract  parts  of  the  job  to  specialists 
and  must  nearly  always  buy  materials  for 
the  project  from  a supplier.  In  the  next 
three  lessons  on  contracting,  we  shall  as- 
sume that  the  owner  has  already  had  the 
plans  drawn  by  a construction  consultant. 
It  also  will  be  assumed  that  a fixed  price 
contract  has  been  awarded  to  a general 
contractor. 
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Cost  plus  a 
percentage 
of  cost 

Fixed  price 

Cost  plus  a 

fixed  fee 

Incentive 

Subcontractors 


Terms  to  Know 

construction  consultant 
“turnkey”  job 
single  lump  sum 
overhead 
submit  a bid 
fixed  price  contract 
unit  price  contract 
cost-plus-fixed-fee 
contract 

cost-plus-a-percentage- 
of-cost  contract 


incentive  contract 
awarded 

a target  estimate 
advertised 
competition 
negotiated 
contracts 

general  contractors 
subcontractors 
supply  contract 
supplier 


Think  About  It! 

1.  The  owner  of  a building  site  usually  does 
not  buy  all  the  materials,  rent  equip- 
ment, and  hire  workers  to  put  up  a 
structure. 

a.  Why  do  most  landowners  hire  a gen- 
eral contractor  for  a construction 
project? 

b.  Why  does  a general  contractor  often 
hire  subcontractors^ 

2.  Match  each  kind  of  contract  with  the 
way  the  contractor  is  paid : 

Payment  Kind  of  Contract 

a.  He  is  paid  what  1.  Fixed  price 
the  job  costs  him,  2.  Cost  plus  fixed 
plus  a profit  that 
is  decided  in  ad- 
vance. 

b.  He  is  paid  what 
the  job  costs  him, 
plus  a profit  that 
goes  up  as  his 
costs  go  up. 

c.  His  payment  is  de- 
cided in  advance, 
and  is  not  changed. 

d.  He  estimates  the 
cost  in  advance. 

If  he  does  the  job 
for  less,  his  fee 
goes  up.  If  the  job 
costs  more  than 
his  estimate,  his 
fee  goes  down. 
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fee 

3.  Cost  plus  per- 
centage of  cost 

4.  Incentive 


Let  us  now  assume  that  the  plans  and 
specifications  are  completed.  The  owner  has 
decided  to  select  a contractor  to  build  the 
project  by  advertising  for  bids  and  then 
awarding  a fixed  price  or  unit  price  contract. 
We  shall  now  outline  the  steps  which  are 
followed  between  completion  of  the  plans 
and  the  actual  start  of  work.  Although 
different  owners  have  different  methods  of 
bidding  and.  awarding  contracts,  the  proce- 
dure outlined  below  is  typical  of  a fair 
and  honest  way  to  select  a construction 
contractor. 

Advertising 

The  first  step  in  selecting  a construction 
contractor  is  to  notify  all  bidders  who 
might  be  interested  in  the  fact  that  bids 


Fig.  20-1.  Most  of  the  construction  projects  around 
us  were  built  by  confroctors  who  bid  for 
the  contract  to  do  the  work. 


Contracting 


will  be  received.  This  is  done  by  an  invita- 
tion to  bid,  a short  notice  which  states:  (1) 
the  type  of  work,  (2)  the  location,  (3)  the 
time  and  place  of  the  bid  opening,  and  (4) 
where  and  how  plans  and  specifications  are 
to  be  made  available. 

The  invitation  to  bid  is  mailed  by  the 
owner  or  the  architect-engineer  (who  repre- 
sents the  owner)  to  contractors  who  might 
be  interested.  Sometimes  the  invitation  to 
bid  is  actually  advertised  in  newspapers  and 
magazines.  Fig.  2U-2.  It  is  sent  to  contrac- 
tors’ associations,  such  as  local  chapters  of 
the  Associated  (Jeneral  Contractors  of  Amer- 
ica. There  are  also  companies,  such  as  the 
F.  W.  Dodge  Corporation,  which  publish 
reports  of  jobs  being  bid.  On  public  work, 
especially,  great  effort  is  made  to  notify  all 
possible  bidders. 


Qualifications  of  Contractors 

The  owner  or  his  architect-engineer 
always  satisfies  himself  about  the  contrac- 
tor’s ability  (experience,  financial  resources, 
integrity,  personnel,  and  equipment)  to  do 
the  job.  Sometimes  this  ability  is  determined 
before  bidding,  and  only  those  contractors 
who  are  considered  capable  of  doing  the  job 
are  invited  or  permitted  to  bid.  ’This  is 
called  prequalification  since  the  contractor 
must  qualify  before  bidding.  In  other  cases, 
such  as  on  much  federal  government  work, 
anyone  may  bid,  and  the  qualifications  of 
the  low  bidder  are  determined  after  the  bids 
are  opened  but  before  the  contract  is 
aicarded  (given)  to  the  contractor. 
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Call  467-7139  in  ease  of  error  or  omission.  Two 
days  are  required  for  listing. 


Ftbniory  23. 1971 


(A)  Church  (B)  Rectory  (C)  Parochial  Grade  School  (^n 
li  alts),  Summit.  III.,  (a  A b)  75th  St.  Ii  72nd  Ct  (c)  5641- 
73rd  Ave.  (ATB  on  GC  6 mcchl  trades)  due  Feb.  23  at  4 
p.m.  for  St  Joseph  Parish.  (A)  Stade,  Dolan,  Ernrick  li 
hiMU.,  819  Busse  Hwjr.,  Park  Ridge,  II!.  459  897 

Peter  Hansen  & Sons  Inc.,  9505  S.  Prospect.  (HI  5-0300) 
Talsma  Bldrs.,  12642  S.  Springfield,  Alsip.  (597-0500) 
George  Kohler  & Sons  Inc.,  2355  E.  Oakton,  Arlington 
Heights.  (430-3910)  ^ 

R.  Rudnick  Co.  Inc.,  3957  N.  Ashland  Ave.  (935-5007) 
Geraghty  Trainor  Const.  Co.,  10200  S.  Cicero  Ave.,  OaK 
Lawn.  (499-0550) 

Midway  Const.  Co.,  1801  S.  Busse,  Mt  Prospect 
(439-5100) 

(A)  Assembly  Plant  Bldg.  *8  (8)  Wheel  Press  Bhfg.  *10 
(C)  Paint  & Grit  Storage  Bldg.  *12  fD)  Truck  Assetnb^ 
Bldg.  *9  (addn)  (E)  Stenciling  Bldg,  (addn)  (F)  Bldg.  *7 
(alts).  East  Chicago,  Ind.,  151st  6 Railroad  Ave.  (ATB  on 
GC)  by  im^tion  only,  due  Feb.  23  at  2 p.m.  for  Unim 
Tank  Car.  (A)  Mete,  Train,  Olson  6 Youngren  Inc.,  1 t 
Vittktr,  Chicago.  468  376 


Edward  Gray  Corp.,  12233  S.  Ave.  0.  (BA  1-8400) 
Campbell,  Lowrie,  Lautemiilch  Corp.,  6317  N.  Broadway. 
(338-0300) 

J.  L Simmons  Co.  Inc.,  506  S.  Wabash.  (WE  9-2355) 
Morrison  Const.  Co.,  1834  Summer,  Hammond,  Ind. 
(219-WE  2-5036) 

J.  M.  Foster  Co.  Inc.,  7500  W.  5th  Ave.,  Gary,  Ind. 
(219949^020) 


Fig.  20-2  Trade  magazines  may  hove  special 

columns  in  them  fo  advertise  projects  on 
which  bids  may  be  mode. 


Bidding  Documents 

When  a contractor  indicates  to  the  archi- 
tect-engineer his  decision  to  bid,  he  is  given 
several  documents.  Among  these  are  the  in- 
structions to  each  bidder.  The  instructions 
tell  the  contractor  how  to  submit  his  proposal 
(proposal  and  bid  are  the  same  thing),  how 
the  rules  of  the  bidding  will  be  conducted, 
and  how  the  award  will  be  made.  The  con- 
tractor also  receives  plans  and  specifications, 
including  the  conditions  of  the  contract  into 
which  he  will  enter  if  he  is  awarded  the  job. 
The  contractor  is  also  given  blank  forms 


which  are  to  be  used  (1)  for  bonds,  (2)  for  a 
questionnaire  about  his  qualifications,  and 
(3)  for  submitting  his  proposal.  All  of  the 
bidding  documents  should  be  completed  so 
that  the  bidders  may  know  all  the  details 
they  need  for  preparing  bids.  Subcontrac- 
tors and  suppliers  also  obtain  plans  and 
specifications  so  that  they  "may  furnish 
prices  to  the  general  contractors  for  their 
own  parts  of  the  job. 


The  Bid  Opening 

How  the  contractor  makes  his  estimate 
and  prepares  his  bid  (Fig.  20-3)  is  described 
in  the  next  lesson.  Accordingly,  we  shall 
pass  directly  to  the  bid  opening  itself.  The 
bids  are  usually  opened  about  30  days  after 
the  invitation  to  bid  is  issued  or  advertioed. 
This  period,  during  which  the  contractors 
prepare  their  bids,  may  vary  from  10  to  90 
days. 

At  the  bid  opening,  each  contractor  sub- 
mits his  proposal.  The  proposal  is  a form, 
usually  supplied  by  the  architect-engineer, 
on  which  the  contractor  writes  in  the 
amount  for  which  he  will  build  the  project. 
If  it  is  a lump  sum  job,  he  would  submit 


Fig.  20-3.  The  contractor  checks  records  from  his 

previous  jobs  to  help  moke  decisions  about 
new  bids  and  contracts. 
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just  one  amount.  For  instance,  he  might 
bid  $326,700  to  construct  a certain  school 
building.  On  a unit  price  job,  such  as  paving 
a parking  lot,  the  price  schedule  in  the 
proposal  might  look  like  this: 

20,600  cubic  yards  of  excavation 


@ $0.60  $10,260 

5.000  cubic  yards  of  select  fill 

@$2.00  10,000 

3.000  square  yards  of  asphalt 

paving  @ $6.00  16,000 

Total  $36,260 

(Note:  @ means  each,) 


In  addition  to  the  proposal,  each  contrac- 
tor usually  submits  a deposit  or  hid  bond. 
The  owner  wants  to  be  sure  that  the  bidder 
will  enter  into  the  contract  at  the  price  bid. 
A bid  bond  is  a guarantee  on  the  part  of  a 
bonding  company  (usually  a large  insur- 
ance company)  that  the  contractor  will  enter 
into  the  contract  Bid  bonds  are  often  for 
20%  of  the  face  value  of  the  bid.  If  the 
bidder  accepts  the  contract  the  bid  bond 
no  longer  serves  a purpose.  If  the  low 
bidder  refuses  to  take  the  contract  the 
owner  collects  the  difference  between  the 
low  bid  and  the  next  lowest  bid,  up  to  the 
amount  of  the  bid  bond. 

Other  things  which  may  be  submitted  by 
the  contractor  at  the  bid  opening,  if  re- 
quired by  the  architect-engineer,  are; 

1.  A list  of  the  qualifications  of  the 
contractor, 

2.  A list  of  subcontractors, 

3.  A list  of  construction  equipment  to  be 
used  by  the  contractor  to  build  the  job, 
or 

4.  A list  of  makes  and  models  of  equip- 
ment the  contractor  will  install  in  the 
structure. 

So  that  all  bidders  may  be  treated  fairly, 
very  strict  rules  on  bid  openings  are  care- 
fully observed.  One  rule  is  that  no  bid  may 
be  submitted  or  changed  after  the  time  set 
for  the  bid  opening.  Bids  must  be  submitted 
in  sealed  envelopes,  but  changes  made  by 
telegram  are  usually  permitted  before  the 


bid  opening.  In  the  case  of  public  work, 
each  contractor’s  proposal  is  read  aloud  at 
the  public  opening.  Anyone  may  attend  the 
bid  opening,  and  may  examine  any  contrac- 
tor’s proposal.  Fig.  20-4. 


The  Award 

After  the  bids  are  opened,  each  bid  is 
carefully  examined  by  the  owner  or  the 
architec^engineer.  The  purpose  of  this  ex- 
amination is  to  determine  the  lowest  rc- 
sponsive  bid.  A bid  is  responsive  if  it 
matches  in  every  detail  the  conditions  set 
forth  in  the  bidding  documents.  To  be  re- 
sponsive, a bid  must  be  complete.  Normally, 
any  exceptions  (changes)  that  the  contrac- 
tor plans  in  his  bid  make  it  not  responsive. 
Should  the  owner  specify  maple  flooring 
and  the  contractor  says  in  his  bid  that 
in.«**jad  pine  will  be  furnished,  the  bid  is 
not  responsive  to  the  O'wner’s  requirement 
that  maple  be  furnished. 

If  the  contractors  have  not  been  pre- 
qualified (qualified  before  the  bids  were 
opened),  the  architect-engineer  checks  on 
the  qualifications  of  the  lowest  responsive 
bidder.  He  finds  out  if  the  bidder  has  the 
knowledge,  the  money,  the  honesty,  the  peo- 
ple, and  the  equipment  to  do  the  job. 


Rg.  20*4.  The  bid  opening  is  o public  meeting  where 
individual  proposals  ore  available  to  be 
examined. 
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Information  about  a contractor  can  be 
learned  (1)  from  the  bidder’s  statement  of 
qualifications,  (2)  from  banks,  (3)  from 
other  owners  for  whom  the  bidder  has 
worked,  and  (4)  from  other  businessmen. 

After  identifying  the  lowest  responsive 
bid  of  a qualified  contractor,  the  architect- 
engineer  suggests  to  the  owner  that  an 
award  be  made.  Then  the  owner  sends  a 
notice  of  award  to  the  successful  bidder. 
Usually  he  sends  along  with  the  notice  of 
award,  agreement  forms  and  blank  perform- 
ance and  payment  bonds. 


tors  are  given  bonds.  To  obtain  a bond  a 
contractor  must  have  ability,  financial  re- 
sources, and  a good  reputation. 


The  Agreement 

The  agreement  is  a brief  statement  of 
the  work  to  be  done  under  the  contract  and 
the  price.  It  refers  to  the  other  parts  of  the 
contract,  the  plans,  specifications,  instruc- 
tiomr  to  bidders,  general  and  special  condi- 
tions, and  the  bonds.  It  is  signed  by  the 
owner  and  the  contractor. 


Bonds 

A performance  bond  is  one  in  which  the 
bonding  company  (an  insurance  or  surety 
company)  guarantees  that  the  contractor 
will  build  the  project  according  to  the 
owner’s  plans  and  specifications  (that  is, 
that  the  contractor  will  perform  the  con- 
tract). If  the  contractor  does  not  fulfill  his 
duties  under  the  contract,  then  the  insurance 
company  itself  will  fulfill  them.  If  this 
should  happen,  the  insurance  company 
would  probably  hire  another  contractor  to 
complete  the  work. 

A payment  bond  is  one  in  which  the 
bonding  company  guarantees  that  the  con- 
tractor will  pay  his  subcontractors  and 
suppliers  (and  sometimes  employees)  for 
any  amount  due  them.  If  the  contractor  does 
not  pay  a subcontractor  for  work  satisfac- 
torily performed,  the  bonding  company  must 
make  payment 

Performance  and  payment  bonds  give  the 
owner  a considerable  amount  of  protection, 
and  are  generally  required  on  most  major 
projects.  'The  cost  is  rather  small,  about  one 
cent  per  dollar  of  the  contract  amount  It 
is  quite  rare  for  a contractor  not  to  fulfill 
his  obligations  to  the  owner,  his  subcontrac- 
tors, and  his  suppliers.  Accordingly,  bond- 
ing companies  do  not  often  have  to  take 
over  the  contractor’s  job  or  the  payment  of 
his  bills.  Needless  to  say,  bonding  com- 
panies are  very  careful  about  which  contrac- 


Notice  to  Proceed 

It  usually  takes  from  five  to  ten  days  for 
the  contractor  to  complete  arrangements  for 
his  payment  and  performance  bonds.  He  then 
signs  the  agreement  and  forwards  the  agree- 
ment and  the  bonds  to  the  owner.  'The  owner 
th.  n signs  the  agreement  and  issues  the 
notice  to  proceed,  which  gives  the  contractor 
permission  to  begin  the  work. 


Fig.  20-5.  The  contractor  is  given  the  notice  to 
proceed  on  a huge  build*ng  project. 
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Contracting 


Summaiy 

This  lesson  has  traced  the  steps  for 
selecting  the  construction  contractor  from 
the  advertising  of  the  contract  through  the 


bidding  to  the  awarding  and  signing  of  the 
contract  The  next  assignment  will  cover 
how  the  contractor  prepares  his  estimate 
of  how  much  the  project  will  cost  and  how 
he  makes  up  his  bid  or  proposal. 


Terms  to  Know 

invitation  to  bid 
prequalification 
qualify 
proposal  (bid) 
questionnaire 
bid  bonds 
responsive  bid 


performance  bond 
payment  bond 
bonding  company 
notice  of  award 
agreement 
notice  to  proceed 
integritj" 


Think  Abont  It  I 

1.  A contractor  must  prove  he  is  able  to  do 
a job,  either  before  he  bids  or  before  he 
is  awarded  the  contract.  What  kinds  of 
information  will  show  an  owner  or  archi> 
tect^engineer  that  a contractor  is  quali^ 
fied  (has  the  ability)  to  do  a construction 
job? 

2.  A contract  usually  is  awarded  to  the 
contractor  who  submitted  the  lowest  re- 
sponsive bid, 

a.  What  is  a responsive  bid? 

b.  What  might  happen  if  bids  did  not 
have  to  be  responsive?  Give  some 
examples. 


Estimating  and 
Bidding 


The  last  lesson  covered  the  actions  of  the 
owner  and  architect-engineer  in  the  bidding 
and  the  awarding  of  construction  contracts. 
In  this  lesson,  we  shall  take  a look  at  what 
the  contractor  does  to  bid  for  a contract. 


When  the  contractor  receives  an  invitation 
to  bid,  he  has  to  decide  whether  or  not  he 
is  interested  in  bidding  the  particular  job. 
If  he  is,  he  must  then  prepare  his  bid  esti- 
mate (proposal)  and  submit  it.  Different 


Fig.  21-1.  The  confrocfor  must  visualize  and  think  through  the  construction  of  the  structure  before  arriving  at 
a decision  to  bid. 
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contractors  prepare  their  bids  in  different 
ways,  but  the  procedure  below  shows  one 
typical  process. 


Fig.  21*Z  When  on  estimate  is  prepared,  a price  is 
figured  for  the  material  to  be  used. 


Fig.  21-3.  The  estimator  must  be  able  to  read  drawings 
ond  understand  specifications.  He  computes 
the  cost  of  material,  labor,  equipment,  and 
overhead. 


To  Bid  or  Not  to  Bid 

INTiile  deciding  whether  or  not  tc  bid,  some 
of  the  question-i  the  contractor  might  ask 
himself  are:  Is  this  the  type  of  work  I know 
how  to  do?  Do  I have  a chance  of  being  the 
lowest  bidder?  Can  I make  a profit?  Is  the 
job  very  risky?  Do  I want  to  work  in  the 
area  of  the  job  site?  Can  I hire  the  employ- 
ees? Do  I have  the  money  to  carry  a job  of 
this  size?  Do  I have  too  much  to  do  else- 
where? Do  I have  or  can  I rent  the  equip- 
ment? Is  this  job  too  small,  too  big,  or  just 
the  right  size  for  me?  IVhat  kind  of  an 
owner  and  architect-engineer  shall  I be 
working  for?  Will  the  bonding  company  give 
me  the  necessary  bonds?  After  carefully 
thinking  over  the  answers  to  these  questions, 
the  contractor  arrives  at  a decision  either 
to  bid  or  not  to  bid.  Fig.  21-1. 


The  Estimate 

The  contractor  bases  his  bid  on  an  es- 
timate. An  estimate  is  a careful  calculation 
of  what  the  job  will  cost. 

A small  contractor  may  do  his  own  ra- 
timating.  Medium  and  large  contractors  hire 
an  estimator  to  do  the  estimating.  The  es- 
timator must  understand  construction  prac- 
tices. The  estimator  must  be  able  to  read 
drawings  and  understand  specifications.  (See 
Figs.  21-2  and  21-3.)  He  must  have  a good 
idea  of  the  prices  of  materials,  how  much 
work  a craftsman  can  do  in  a day  under  | 
the  conditions  of  the  job,  and  what  produc- 
tion may  be  expected  from  equipment.  To 
estimate  accurately,  the  estimator  should  be 
able  to  visit  the  site. 

The  success  or  failure  of  a contractor 
depends  largely  on  the  ability  of  the  esti- 
mator. If  his  estimates  are  too  high,  the 
contractor  will  not  be  awarded  any  jobs.  If 
the  estimates  are  too  low,  the  jobs  will  not 
make  a profit  Since  the  contractor  must 
depend  on  the  estimate  being  correct  the 
chief  estimator  is  a key  man  (and  usually 
a highly  paid  one)  in  a construction  firm. 
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Approximate  (“shotgun”)  estimates  are 
those  made  in  the  early  stages  of  the  design 
of  the  project— before  the  plans  have  been 
finished.  In  the  case  of  buildings,  they  are 
often  made  on  a per  square  foot  or  per  cubic 
foot  basis.  For  example,  a man  who  wants  a 
house  which  is  30'x60'  (1,500  square  feet) 
might  be  given  as  an  early  estimate,  a price 
of  $15  per  square  foot,  or  $22,500  for  the 
construction  of  this  house.  Almost  never  are 
approximate  estimates  used  for  bidding 
purposes. 

V^en  an  estimate  is  prepared  as  the  basi.s 
for  a bid  proposal,  a price  is  figured  for  the 
material,  labor,  and  equipment  which  will  be 
used.  To  this  is  added  overhead  and  profit. 
Each  of  these  five  items  will  now  be  con- 
sidered. 


Material 

The  amount  of  material  is  determined  by 
what  is  called  a takeoff  from  the  plans  and 
specifications.  Takeoff  is  the  counting  of  how 
many  times  a certain  item  appears  on  the 
plans.  For  instance,  an  estimator  may  count 
20  windows  on  the  plans.  The  specifications 
will  tell  him  that  they  are  of  a certain  size 
and  kind.  To  get  the  cost  of  the  windows 
without  installation,  the  estimator  may  do 
several  things: 

1.  He  may  get  the  price  from  a catalog. 

2.  He  may  call  his*  purchasing  department 

3.  He  may  call  a company  that  sells  win- 
dows. 

4.  He  may  look  up  in  his  files  what  that 
particular  window  cost  the  last  time  he 
used  it 

If  the  windows  cost  $26  each,  delivered  to 
the  job  site,  the  to^al  cost  of  windows  will 
be  $25  X 20,  or  $500. 


Labor 

The  estimator  also  figures  the  amount  of 
labor  necessary  to  do  each  job  in  the  proj- 
ect, Fig.  21-4.  In  the  case  of  the  windows. 


Estinwiiug  and  Bidding 

the  estimator  would  determine  that  it  took 
V/2  hours  of  carpenter  time  and  hour 
of  laborer  time  to  set  each  window.  The  V/i 
hours  and  14  hour  are  called  labor  produc- 
tivity rates.  Tables  of  labor  prod-'ctivity  are 
available  to  the  estimator.  He  might  buy 
some  of  these  tables,  but  more  often  he  will 
depend  upon  the  experience  of  his  own 
company  in  how  long  it  takes  to  set  a win- 
dow. 

If  the  carpenter  receives  $6  per  hour  and 
the  laborer  $3,  the  cost  of  labor  per  window 
will  be  11/^  X $6  + Va  X ^ or  per  window. 
The  20  windows  will  cost  $9  x 20  or  $180 
for  installation  only,  not  counting  the  win- 
dows themselves.  To  this  must  be  added 
other  costs  for  Social  Security  insurance. 
Workmen’s  Compensation  (accident)  insur- 
ance, and  u iem*'loyment  insurance. 


Equipment 

If  a job  involves  equipment,  the  contrac- 
tor determines  the  cost  of  the  equipment 
per  hour.  If  he  is  renting  the  equipment, 
this  will  be  the  hourly  rental  cost,  plus  the 
cost  of  fuel  and  repairs.  Rental  costs  also 
include  the  transportation  costs  for  moving 
the  equipment  to  the  construction  site  and 
back  to  the  owner.  . 


Fig,  21-4,  The  esiimator  must  figure  the  labor 
requirements  as  well  os  the  materiols. 
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If  the  contractor  owns  the  equipment,  he 
will  figure  the  hourly  cost  by  adding  the 
depreciation  cost  (depreciation  is  the  loss  in 
value  from  year  to  year),  the  investment 
cost  (how  much  interest  he  has  to  pay  on 
the  amount  of  money  he  has  borrowed  to 
buy  the  machine),  plus  taxes,  insurance, 
storage,  and  the  cost  of  fuel  and  repairs. 
This  total  is  divided  by  the  hours  worked  to 
get  an  hourly  cost  of  the  equipment  owned 
by  the  contractor.  Fig.  21-6. 


Unit  Prices 

A contractor  who  has  experience  figuring 
labor  and  machine  productivity  rates  may 
be  able  to  combine  labor  and  equipment 
costa  into  a iirn’t  price.  Use  of  these  unit 
prices  speeds  up  estimating.  Let  us  take  the 
case  of  a trenching  machine.  A certain 
trenching  machine  costs  $8  per  hour,  in- 
clu’ding  the  cost  of  moving  it  to  and  from 
the  job.  From  information  in  his  files,  the 
estimator  knows  that  this  trenching  machine 
will  dig  a trench  2'  wide,  4'  deep  and  150' 
long  in  one  hour.  The  operator  is  paid  $4 
per  hour.  The  cost  for  150'  is  therefore  $12. 
'The  cost  for  each  foot  is  $12/150  or  $0.08. 
'The  8 cents  per  foot  is  a unit  price.  When 
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Fig.  21-5.  The  cost  of  renting  or  purchasing  special 
equipment  must  be  estimated. 


the  estimator  sees  2,000'  of  this  trench  on 
the  plans,  he  can  then  estimate  that  it  will 
cost  2,000  X $0.08,  or  $160. 


Subcontract  Work 

As  explained  in  a previous  lesson,  the 
general  contractor  often  hires  a subcontrac- 
tor to  do  some  of  the  specialized  work.  Fig. 
21-6.  The  subcontractor,  in  preparing  his 
estimate  which  he  gives  to  the  general  con- 
tractor, follows  much  the  same  procedure  as 
does  the  general  contractor  above  in  esti- 
mating material,  labor,  and  equipment  costs. 
To  the  sum  of  these  three  costs,  the  sub- 
contractor adds  his  own  percentage  of  over- 
head and  profit  in  the  same  manner  as  will 
be  described  for  the  general  contractor  in 
the  next  two  sections.  The  subcontractor 
then  notifies  the  general  contractor  of  the 
total  price  for  his  part  of  the  work.  This 
price  is  called  a Quotation,  or  sometimes 
just  a Quote. 


Fig.  21-6.  The  workers  of  specialized  subcontractors 
may  do  only  part  of  the  total  work  on  a 
project. 
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Overhead 

Overhead  costa  of  the  contractor  are 
those  which  pertain  to  the  job  as  a whole  and 
are  not  related  to  any  particular  feature 
like  excavation  or  masonry.  Fig  21-7.  There 
are  two  types  of  overhead : home  office  costs 
and  job  overhead  costs.  Home  office  costs 
include:  (1)  the  salaries  of  executives  and 
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employees,  (2)  office  rent,  (3)  telephone  and 
other  utility  expenses,  (4)  advertising  and 
(6)  travel.  Job  overhead  costs  include:  (1) 
the  salaries  of  the  superintendent  and  em- 
ployees at  the  site  (other  than  craftsmen 
engaged  directly  in  the  work),  (2)  surveys, 
(3)  office  space,  (4)  testing,  (5)  barricades, 
(6)  insurance,  (7)  storage,  (8)  building  per- 
mits, and  the  like. 


Rg.  21*7.  Office  personnel,  rent,  ufilities  and  other 

overhead  expenses  are  part  of  the  estimate 


Pro6t 

The  contractor  is  in  business  to  make  a 
profit  on  the  capital  or  money  he  has  in- 
vested in  the  business.  The  profit  is  the 
difference  between  the  amount  of  money  the 
contractor  receives  from  the  owner  and  the 
amount  of  money  the  contractor  spends  to 
do  the  job.  Some  of  the  factors  considered 
in  selecting  a percentage  of  profit  are:  (1) 
the  size  of  the  job,  (2)  the  risks  involved, 
and  (3)  the  eagerness  of  the  contractor  to 
get  the  job. 

Profit  is  usually  a management  rather 
than  an  estimating  decision  as  will  be  ex- 
plained under  the  Bid  Proposal.  Profit  is 
usually  expressed  as  a percentage  and  is 
sometimes  called  a markup.  For  instance,  if 
the  total  of  material,  labor,  equipment,  sub- 
contract, and  overhead  costs  is  $1,000,000, 
and  the  contractor  decides  he  should  earn 
a 7%  profit,  he  would  add  7%  of  $1,000,000 
or  $70,000.  His  bid  would  then  be  $1,070,000. 


The  Summary  Sheet  and  Bid  Proposals 

The  estimator  figures  the  cost  of  material, 
labor,  equipment,  and  subcontract  work  for 
each  part  of  the  job.  Then  he  puts  together 
all  items  in  a summary  or  recap  sheet,  an 
example  of  which  is  shown  in  Table  21*1. 

The  estimator’s  best  estimate  cf  the  cost 
of  the  work  must  be  carefully  prepared.  The 
bid  proposal,  which  is  based  on  the  estimate, 
is  a decision  of  management  even  though 
the  estimator  is  consulted.  Management  may 
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decide  to  increase  or  reduce  the  percentage 
of  profit  for  many  reasons: 

1.  Its  expected  competition  from  other 
contractors, 

2.  Its  desire  to  be  low  bidder, 

3.  Its  estimate  of  risk, 

4.  Its  ability  to  secure  better  prices  by 
making  deals  with  major  suppliers,  sub- 
contractors, and  equipment  companies, 
and 

6.  Its  finding  of  a more  economical  way  of 
doing  the  job. 


In  these  cases,  management  may  change  the 
estimate  of  materials,  labor,  equipment,  or 
subcontracting,  and  sometimes  even  over- 
head. After  careful  consideration  of  all  these 
factors,  management  makes  a final  decision 
as  to  what  price  goes  into  the  bid  proposal. 


Summaty 

Estimators  prepare  bid  proposals.  These 
bid  proposals  are  based  on  estimates  of  the 


Table  21-1 

J & J Construction  Compony 
Sununory  Sheet  — Bid  tstimote 


Gymnasium  — Cennp  Swcnnpy 


Clearing 

300 

700 

1 

000 

Excavation,  borrow  and  compaction 

3 

000 

4 

000 

5 

000 

12 

000 

Concrete  and  forms 

50 

000 

23 

0W> 

2 

000 

75 

000 

Masonry 

70 

000 

61 

000 

1 

000 

132 

000 

Carpentry  and  millwork 

19 

500 

11 

000 

500 

31 

000 

Steel 

120 

000 

120 

000 

Roofing  and  flashing 

112 

000 

112 

000 

Insulation 

10 

000 

3 

700 

13 

700 

Lath,  piaster  and  interior  partitions 

21 

100 

33 

600 

54 

700 

Wood  flooring 

42 

200 

20 

900 

63 

100 

Tile  flooring 

19 

100 

6 

400 

24 

500 

Painting 

33 

300 

33 

300 

Hardware 

19 

800 

2 

100 

21 

900 

Glass  and  glanng 

14 

700 

14 

700 

Electrical 

98 

300 

98 

300 

Plumbing,  heating  and  air  conditioning 

212 

000 

212 

000 

Parking  lot 

23 

400 

23 

400 

Cleanup 

4 

300 

500 

4 

800 

254 

700 

169 

300 

9 

700 

613 

700 

1 

047 

400 

Taxes  and  insurance 

10 

300 

23 

800 

200 

24 

500 

58 

800 

1 

106 

200 

Overhead  7% 

77 

400 

1 

183 

600 

Profit  6.5% 

77 

000 

1 

260 

600 

Bond  1% 

12 

600 

Total  cost 

$1 

273 

200 

.*  r»n 
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cost  of  materials,  labor,  equipment,  overhead, 
and  profit.  These  estimates  are  always  care- 
fully checked.  The  success  or  failure  of  a 
contractor  depends  very  much  upon  the  abil- 
ity of  the  estimator. 


Terms  to  Know 

— Materials 

investment  cost 
unit  price 
quotation 
overhead 
profit 

Equipment 


— Labor 


an  estimate 
field  experience 
installation 
takeoff 

labor  productivity  rate 
depreciation  cost 


— Overhead 


Think  About  It! 

1.  In  preparing  a bid  for  a construction 
project,  where  does  a contractor  or  his 
estimator  get  the  following  kinds  of  in- 
formation? 

a.  Sizes  and  kinds  of  materials  needed 

b.  Labor  costs 

c.  Equipment  costs 

d.  Overhead  costs 

2.  What  might  cause  a contractor  to  raise 
or  lower  the  profit  that  is  included  in  his 
bid? 


I 


r 


) 
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As  soon  as  the  contractor  receives  the 
notice  of  award,  he  prepares  a schedule  for 
the  work,  Fig.  22-1.  Most  owners  and  archi- 
tect-engineers see  to  it  that  the  contract  in- 
cludes a statement  that  a work  schedule  will 
be  furnished  by  the  contractor  within  a few 
days  after  his  receiving  the  notice  to  proceed. 

To  prepare  a schedule,  the  contractor 
makes  a detailed  study  of  the  best  way  to 
use  his  men,  machinery,  materials,  and 
money.  The  contractor  must  decide  what 
work  he  will  do  with  his  own  men,  what 
parts  of  the  job  he  will  subcontract,  and 
who  the  subcontractors  will  be.  He  also 
must  decide  where  he  will  get  needed  manu- 
factured items  and  material  supplies,  what 
craftsmen  and  equipment  will  be  needed  on 
the  project,  and  how  much  money  he  must 


Fig.  22-1.  This  contractor  is  making  a schedule. 
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get  together  to  do  the  job. 

Having  made  these  decisions,  the  contrac- 
tor goes  on  v/ith  the  making  of  his  schedule. 
He  continues  to  define  or  list  each  part  of 
the  work  and  to  estimate  the  time  needed  to 
finish  it. 

Two  methods  for  scheduling  work  are 
commonly  used  by  contractors.  They  are 
the  Bar  Chart  Procedure  and  the  Critical 
Path  Method  (CPM).  These  are  both  man- 
agement tools  used  to  get  work  done 
efficiently.  To  show  how  one  of  these  methods 
is  used,  we  shall  set  up  a Bar  Chart  for  a 
simple  construction  job. 


Bar  Chart  Procedure 

A contractor  has  the  job  of  installing  a 
flagpole.  The  total  amount  of  the  contract  is 
$1,000.  The  contractor  plans  to  do  the  entire 
job,  except  for  the  painting,  with  his  own 
employees.  He  will  use  transit-mix  (already 
mixed)  concrete  which  will  be  delivered  to 
the  job.  The  contractor  lists  divisions  of  the 
work  and  estimates  the  cost  and  the  per- 
centage of  each  item  in  the  total  job,  as 
shown  in  Table  22  -1. 


Analyzing  the  Job 

The  contractor  sizes  up  the  work  as 
follows : 

He  knows  that  the  pipe  for  the  .flagpole 
should  be  put  together  and  ready  to  erect 
by  the  time  the  hole  is  completed.  Also, 
assembly  of  the  flagpole  cannot  begin  until 
the  pipe  is  ordered  and  delivered.  The  first 
step  then  must  be  getting  the  pipe.  There 
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is  no  point  in  finishing  the  hole  until  the 
pipe  is  ready.  If  it  rains,  the  sides  of  the 
hole  might  cave  in.  After  the  hole  is  dug, 
and  the  pole  is  put  together,  erection  of  the 
pole  may  begin.  After  the  pole  is  erected, 
concrete  may  be  placed.  When  the  concrete 
has  been  cured,  painting  may  begin.  Before 
the  painting  begins,  the  painting  subcontract 
must  be  made. 


Job  Progression 

Item,  cost,  and  percentage  of  job  are 
placed  on  a bar  chart  such  as  the  one  shown 
in  Table  22-2.  On  the  bar  chart,  the  days 
are  listed  across  the  top  and  the  items  of 
work  are  listed  down  the  left  side. 

The  cross  lines  or  bars  indicate  planned 
or  scheduled  progress.  Notice  that  the  first 
three  days  are  left  for  the  ordering  of  the 
pipe.  By  the  end  of  day  4,  it  is  planned  for 
the  pipe  to  be  put  together.  If  the  hole  has 
been  dug,  it  is  planned  that  the  flagpole 
should  be  ready  to  erect  during  day  6.  Since 
it  takes  two  days  to  dig  the  hole,  the  hole 
should  be  started  by  the  beginning  of  day 


3.  During  the  fifth  day,  the  pole  will  be 
erected  and  the  concrete  ordered  from  the 
- ready-mixed  concrete  supplier  so  that  the 
concrete  may  be  placed  and  cured  during 
days  6 and  7.  If  the  painting  subcontract 

Table  22-1 


List  of  Work  to  Be  Done,  Cost  and  Time 


Order  and 

deliver  pipe 

$ 400 

40%  3 days 

Assemble  pipe 

and  fittings 

100 

10  1 

Dig  hole 

100 

10  2 

Erect  pole 

200 

20  1 

Order  concrete 

1 

Place  and  cure 

concrete 

100 

10  2 

Make  painting 

subcontract 

3 

Paint 

100 

10  1 

Total 

$1,000 

100% 

*Note:  Times  are  not  totaled,  as  some  of  the 


items  are  done  at  the  same  time. 


Table.  22-2 

T.  & L.  Coni^ructlom  Co. 
Installation  of  Flagpole  — Camp  Swampy 
Bar  Chart 


Item 

Cost 

% of  Job 

Order  and  deliver  pipe 

$ 400 

40% 

Assemble  pipe  and  fittings 

100 

10 

Dig  hole 

100 

10 

Erect  pole 

200 

20 

Order  concrete 

0 

0 

Place  and  cure  concrete 

100 

10 

Award  painting  subcontract 

00 

0 

Paint 

Total 

100 

$1000 

10 

100% 

Scheduled  progress 
Actual’ progress 


a 
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has  been  awarded,  painting  should  then  be 
done  on  day  8.  Making  a deal  with  the 
painting  subcontractor  and  his  preparations 
(buying  paint,  for  example)  takes  3 days. 
This  should  be  started  at  the  beginning  of 
day  5 so  that  painting  may  begin  the  morn- 
ing of  day  8.  At  the  end  of  day  8,  the  entire 
job  is  completed. 

The  colored  line  in  Table  22-2  represents 
the  work  which  has  actually  been  completed 


(called  actual  progress)  at  any  particular 
time.  By  looking  at  the  chart,  we  can  see 
that  the  contractor  examined  the  progress 
of  the  job  at  noon  on  day  4.  He  found  that 
the  ordering  and  delivering  of  the  pipe  had 
been  completed,  but  that  assembling  of  the 
pipes  and  fittings  was  only  of  the  way 
completed,  when  it  should  have  been  of 
the  way  finished.  He  also  found  that  the 
digging  of  the  hole  was  % of  the  way  com- 


Fig.  22-2.  A dotted  line  connects  the  points  of  actual  progress.  When  the  doffed  line  is  above  the  solid  line, 
the  job  is  ahead  of  schedule.  When  the  dotted  line  is  below  the  solid  line,  the  job  is  behind  schedule. 
At  day  ?'/2,  the  point  on  the  dotted  line  is  at  51.3%,  while  the  corresponding  point  on  the  solid  line 
is  at  52.5%.  This  means  that  the  job  is  52.5%  (scheduled  progress)  minus  51.3%  (actual  progress)  or 
1.2%  behind  schedule. 
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pleted,  when  it  only  needed  to  be  % of  the 
way  done.  Pipe  assembly  was  1/4  day  behind 
schedule,  and  the  hole  was  day  ahead  of 
schedule.  The  contractor  decided  then  that 
more  men  or  tools  should  be  put  to  work  on 
the  pipe  assembly  in  order  to  have  the  pole 
erected  at  the  start  of  day  5. 


completion  and  mark  a point.  Lines  are 
drawn  to  connect  all  plotted  points. 

To  get  the  actual  completion,  say  at  noon 
of  day  4,  as  indicated  in  the  Bar  Chart,  the 
process  is  much  the  same,  except  that  the 
actual  rather  than  the  scheduled  progress 
is  used.  (Refer  to  Table  22-4.) 


O 
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Overall  Progress  Chart 

Usually  the  Overall  Progress  Chart  is 
placed  at  the  top  of  the  bar  chart  (Table 
22-2) , but  since  this  might  be  a bit  confusing, 
it  is  shown  on  a separate  chart.  Fig.  22-2. 

The  Overall  Progress  Chart  is  concerned 
with  the  cost  of  the  job,  in  dollars,  rather 
than  with  how  much  of  the  work  has  actually 
been  done  at  the  site.  For  example,  at  the 
end  of  day  2,  the  contractor  has  spent  % of 
the  $400  which  is  to  be  spent  by  the  time 
the  pipe  will  be  delivered  to  the  job.  How- 
ever, no  actual  work  has  been  done  by  the 
contractor  or  his  subcontractor.  He  is  not 
supposed  to  put  his  own  men  on  the  job  un- 


Meetings 

The  first  schedule  prepared  for  the  job  is 
really  only  an  estimate  of  the  time  it  v;ill 
take  to  complete  each  separate  part  of  the 
work.  As  parts  of  the  construction  work 
are  actually  finished,  some  of  these  estimates 
are  found  to  be  correct  while  others  are 
found  to  be  wrong.  To  find  out  how  the 


Table  22-3 

Total  Work  at  the  End  of  Day  3 


til  the  morning  oi  aay  3.  until  ne  starts 
digging  the  hole,  there  is  no  progress  that 

Order  and 

can  actually  be  seen. 

delivery 

To  find  out  the  scheduled  progress  at  the 

of  pipe 

40  All:  >«X6  = 1 

1X40  = 

= 40% 

end  of  a certain  time,  we  add  the  proportions 

(16  of  16  sq.*)  • 

= 5% 

of  each  item  scheduled  times  the  percentage 

Dig  hole 

10  H 

Kxio  = 

of  the  job.  For  example  at  the  end  of  day  1, 

(2  of  4 sq.) 

45% 

Ys  of  the  pipe  ordering  and  delivery  is 

Total 

scheduled  to  be  completed.  This  item  is  40% 
of  the  total.  Vg  x 40%  gives  13.3  for  over- 
all scheduled  completion.  So,  on  the  bottom 
line,  starting  at  0,  we  go  right  to  the  end  of 
day  1 and  then  up  to  13.3.  This  procedure 
locates  the  point  on  the  Overall  Progress 
Chart  which  shows  how  much  of  the  project 
money  should  have  been  spent  by  the  end  of 
day  1.  Each  day  is  plotted  by  following  this 
procedure. 

As  a further  example,  in  Table  22-3,  we 
figured  that  46%  of  the  scheduled  work,  in 
terms  of  total  project  cost,  should  have  been 
completed  on  day  3.  To  plot  this  on  the 
Overall  Progress  Chart  (Fig.  22-2),  we  go 
right  to  the  end  of  day  3 and  up  to  45% 


*Note:  sq.  means  squares  on  Fig.  22-2,  and  four  squares 
equal  10%. 

Table  22-4 

Actual  Progress  Total  at  Noon/  Day  4 


Order  and 

deliver  pipe  40  All:  = l 1X40=40% 

(16  of  16  sq.) 

Assemble  pipe  10  (1  of  4 sq.)  )4X10=  2.6% 

Dighole  10  3 of  4 = ?^X10=  8.8% 

(3J/$  of  4 sq.) 

Total  61.3% 
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job  is  going  (whether  or  not  it  is  following 
the  schedule),  and  what  can  be  done  to 
improve  the  situation,  meetings  are  held. 
The  contractor  is  always  there.  Others  who 
may  be  present  are  the  architect-engineer, 
union  representatives,  the  owner,  subcon- 
tractors, and  suppliers.  Depending  on  how 
the  job  is  going,  meetings  may  be  held 
weekly,  monthly  or  irregularly.  At  these 
meetings,  the  progress  of  the  work  is 
checked  against  the  schedule  set  up  for  it. 
It  may  be  checked  by  looking  at  the  Bar 
Chart  or  the  Overall  Progress  Chart.  If  the 
job  is  behind  schedule,  measures  to  improve 
performance  are  discussed.  Fig.  22-3. 


Updating  and  Revising  Schedules 

If  construction  work  falls  behind  schedule 
or  the  owner  or  architect-engineer  decides  to 
change  the  project  in  some  way,  a new  and 
more  realistic  schedule  should  be  made.  This 
new  schedule  must  be  set  up  in  the  same 
way  as  the  first  one.  It  is  often  better  to  set 
up  another  schedule  after  the  job  is  under- 
way. The  time  estimates  can  then  be  more 
accurate. 


Summary 

To  finish  a construction  job  within  the 
time  limit  of  the  contract,  the  contractor 
sets  up  a schedule.  This  schedule  is  based  on 
the  contractor’s  idea  of  the  best  way  to  use 
men,  money,  machinery  and  materials.  The 
contractor  lists  each  part  of  the  work  along 
with  an  estimate  of  time.  He  then  sets  up 
the  schedule.  The  schedule  is  changed  from 
time  to  time  because  of  events  on  the  job  or 
because  of  a change  in  orders  from  the 
owner  or  architect-engineer. 


Fig.  22-3.  The  contractor  and  other  necessary  men 
are  meeting  to  decide  if  the  job  is 
proceeding  on  schedule. 


Terms  to  Know 

notice  to  proceed  Critical  Path  Method 

schedule  Overall  Progress 

assemble  Chart 

Bar  Chart  Procedure  install 

erect 


Think  About  It ! 

1.  What  might  happen  if  a contractor  made 
these  errors  in  scheduling^ 

a.  The  inside  walls  were  plastered  and 
painted  before  an  electrician  arrived 
to  install  wiring. 

b.  The  kitchen  walls  and  floor  were  fin- 
ished before  the  plumber  did  his  work. 

c.  A truck  arrived  with  ready-mixed  con- 
crete, but  the  forms  to  hold  the  con- 
crete were  not  built. 

2.  Suggest  some  other  scheduling  errors 
that  might  be  very  expensive  mistakes. 
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Working  as  a 
Contractor 


Previous  lessons  told  how  the  contractor 
was  selected,  and  described  the  techniques  of 
bidding,  contracting,  and  scheduling.  This 
assignment  will  explain  in  general  terms  (1) 
the  contractor’s  duties,  (2)  the  contractor’s 
relationship  to  others  (owners,  architect- 
engineers,  subcontractors,  suppliers),  and  (3) 
the  contractor’s  business  organization. 


Contractor’s  Responsibilities  (Duties) 

The  job  of  the  contractor  is  to  furnish  all 
the  labor  and  materials  for  building  a proj- 
ect. He  also  makes  sure  work  necessary  to 


Fig.  23-1.  The  beginning,  ending,  or  certain  major 

steps  of  construction  work  may  be  marked 
by  a ceremony.  Here  the  contractor's 
foreman  and  the  owner's  representative 
place  o special  bucket  of  concrete. 


the  building  of  the  project  exactly  follows 
the  plans  and  specifications.  Fig.  23-2.  To 
supervise  his  own  employees  and  the  sub- 
contractor’s, the  contractor  must  have  an 
able  superintendent  on  the  job  at  all  times. 
He  must  obey  all  laws  relating  to  labor,  job 
safety,  traffic,  sanitation,  and  licensing.  He 
must  protect  the  owner  by  providing  the 
necessary  insurance  and  bonds  as  stated  in 
the  contract.  He  must  get  the  job  done  with- 
in the  time  of  the  contract.  He  must  furnish 
samples  and  shop  drawings  as  outlined  in 
the  contract.  He  must  pay  his  laborers, 
suppliers,  and  subcontractors  promptly. 
Usually,  he  must  guarantee  the  quality  of 
materials  and  workmanship  for  at  least  one 
year  after  completion  of  the  job.  Briefly, 
the  contractor’s  responsibility  is  to  get  the 
job  done  according  to  the  contract. 


Fig.  23-2.  It  is  the  contractor's  duty  to  see  that  the 
job  is  done  according  to  the  contract. 
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Responsibilities  of  the  Owner 
to  the  Contractor 

The  owner  must  supply  the  real  estate 
(land)  for  the  project,  furnish  the  money 
to  pay  the  contractor  as  stated  in  the  con- 
tract, and  make  quick  decisions  as  to  what 
he  (the  owner)  wants.  The  ow^nsr  must  re- 
quest changes  in  plenty  of  time  if  he  wants 
them  made  after  the  project  is  underway. 
The  owner  must  not  delay  the  contractor. 
If  there  is  more  than  one  contractor  on  the 
project,  the  owner  must  arrange  for  some- 
one, usually  the  architect-engineer,  to  or- 
ganize the  work  of  the  various  contractors. 

Responsibilities  of  the 
Architect-Engineer 

During  the  progress  of  construction,  the 
architect-engineer  supervises  the  work  being 
done  by  the  contractor.  In  doing  this,  the 
architect-engineer  checks  to  see  that  the  con- 
tractor carries  out  the  requirements  of  the 
plans  and  specifications. 


Fig.  23-3.  An  architectural  engineer  inspects  a 

plastic  liner  which  is  being  injected  into  the 
ground. 


The  architect-engineer  tests  and  approves 
all  the  samples  provided  by  the  contractor. 
For  example,  in  a large  brick  structure,  tlie 
contractor  might  give  the  architect-engineer 
samples  of  the  brick.  The  architect-engineer 
may  examine  these  for  color  and  may  test 
the  strength  of  the  brick  and  its  ability  to 
withstand  freezing  and  thawing.  The  archi- 
tect-engineer may  also  receive  and  approve 
shop  drawings  and  equipment  specifications 
sent  in  by  the  contractor.  He  may  also  ap- 
prove the  contractor’s  schedule,  his  general 
method  of  operation,  the  superintendent  on 
the  job,  and  often,  the  subcontractors. 

The  architect-engineer  is  also  charged 
with  explaining  all  the  contract  documents, 
including  the  plans  and  specifications.  For 
example,  if  the  specifications  should  require 
a certain  lighting  fixture,  such  as  a Toledo 
No.  422  or  one  equal  to  it,  the  architect- 
engineer  would  rule  on  whether  or  not 
Sandusky  No.  148,  which  the  contractor 
wants  to  use,  is  equal.  Or,  if  the  contractor 
finds  hard  rock  where  the  dravfings  showed 
soft  sand,  the  architect-engineer  would  rule 
on  whether  or  not  the ‘contractor  should  be 
paid  an  extra  amount  and,  if  so,  how'  much. 
In  short,  the  architect-engineer  is  the  agent 
of  the  owner.  In  working  with  the  contractor, 
he  acts  in  place  of  or  for  the  owner.  See  Fig. 
23-3. 


Contractor’s  Organization 

A contractor  gets  his  job  done  by  using 
people,  materials,  tools,  and  equipment.  At 
this  time,  we  are  interested  in  the  people. 

In  order  to  make  efficient  and  economical 
use  of  his  people,  the  contractor  assigns  each 
of  them  a certain  job.  In  so  doing,  he  or- 
ganizes his  people  so  that  each  performs  one 
or  more  duties  or  functions.  The  organization 
of  a contractor’s  people  may  take  many  dif- 
ferent forms  depending  on  (1)  the  amount 
of  business  the  contractor  does,  (2)  the 
types  of  jobs  for  which  he  contracts,  (3) 
the  abilities  of  the  various  people  he  hires, 
and  (4)  the  desires  of  the  contractor  him- 
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self.  A typical  organization  chart  of  a me- 
dium-large construction  company  is  stiown 
on  page  123.  Keep  in  mind,  however,  that 
any  particular  contractor  may  be  organized 
differently. 

Home  Office 

At  the  top  of  the  organization,  there  is 
usually  an  owner  or  president  who  is  in 
charge  of  the  construction  company.  He  is 
the  chief  executive  officer  who  runs  the 
whole  company.  He  has  the  overall  respon- 
sibility and  authority. 

Below  the  president,  there  are  usually 
three  groups:  administrative,  engineering, 
and  construction.  Although  the  groups  are 
shown  separately  on  the  organization  chart, 
the  people  in  the  different  groups  work 
closely  together.  For  example,  if  a super- 
intendent in  the  construction  group  should 
need  hardware  for  a building,  he  would  send 
an  order  to  the  purchasing,  section  of  the 
administrative  group. 


Administrative  Group 

The  administrative  group  may  include 
sections  for  accounting,  contracting,  pur- 
chasing, and  labor  relations.  The  accounting 
section  is  in  charge  of  handling  the  money 
or  financial  affairs:  (1)  it  keeps  the  books, 
(2)  makes  up  the  payrolls,  (3)  pays  the 
contractor’s  employees,  subcontractors  and 
suppliers,  (4)  prepares  bills  to  the  owner, 
and  (5)  often  does  the  paper  work  for  the 
hiring  of  personnel. 

The  contract  section  prepares  contracts 
with  owners,  subcontractors,  and  suppliers. 
The  contract  section  also  prepares  contract 
changes  and  handles  bonds  and  insurance. 

The  purchasing  section  does  many  things : 
(1)  makes  sure  that  materials  are  available 
on  the  job  when  needed,  (2)  buys  materials 
and  equipment,  (3)  maintains  a file  of  cur- 
rent catalogs  and  price  lists,  (4)  handles 
rental  of  equipment,  and  (5)  arranges  for 


transportation  of  materials  to  the  job. 

The  labor  relations  section  handles  mat- 
ters pertaining  to  employees.  It  negotiates 
labor  contracts  with  unions  and  represents 
the  contractor  in  any  labor  disputes  which 
might  arise. 

Engineering  Group 

The  engineering  group  designs  any  tem- 
porary structures  needed  to  build  a project. 
For  example,  they  might  design  the  bridge 
on  a temporary  road  over  which  trucks 
would  haul  rocks  to  the  site.  This  group  also 
(1)  makes  estimates  for  bids  and  for 
changes  in  the  contract,  (2)  keeps  cost 
records,  (3)  controls  the  costs  on  the  jobs  to 
see  that  they  do  not  become  too  high,  and 
(4)  conducts  tests  and  field  surveys  needed 
by  the  contractor.  Fig.  23-4. 


Construction  Group 

The  construction  group  actually  carries 
out  the  work  for  the  job.  It  controls  the  field 
offices  and  the  yards  and  shops.  Often  there 


Fig.  23-4.  Concrete  is  being  tested  at  the  site. 
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is  a project  manager  located  with  the  con- 
struction group  at  the  home  office.  A project 
manager  is  responsible  for  one  major  job  or 
tv/o  or  more  smaller  jobs.  He  supervises  the 
activities  of  the  field  office  and  acts  as  the 
home  office  representative  of  the  superinten- 
dent on  the  job,  Fig.  23-5.  For  example,  if 


Fig.  23-5.  In  the  field,  the  project  manager  inspects  a 
job. 


Fig.  23-6.  The  field  office  at  this  dam  site  is  near  the 
base  of  the  dam.  The  field  engineer's 
surveyor  is  at  work  in  the  foreground. 


it  appears  that  the  work  might  be  held  up 
for  a roller  which  needs  to  be  rented,  the 
superintendent  would  ask  the  project  man- 
ager to  have  the  purchasing  section  speed  up 
renting  the  roller  and  getting  it  to  the  job 
site. 


Field  Offices 

In  the  last  section,  we  talked  about  the 
employees  who  work  at  the  contracting 
company’s  home  office — his  place  of  busi- 
ness. Let  us  now  turn  our  attention  to  the 
employees  who  are  at  the  j ob  site.  Of  course, 
the  number  and  type  of  personnel  the  con- 
tractor has  on  the  job  depend  largely  on  how 
large  the  job  is  and  how  complicated  it  is. 
Usually,  there  is  a small  field  office  at  the 
construction  site.  Fig.  23-6.  Often  trailers  are 
used.  The  man  in  charge  of  getting  the  work 
done  at  the  site  is  called  the  superintendent. 
He  usually  has  a clerk  in  the  office,  and  on 
large  jobs,  he  may  have  a field  engineer. 
The  clerk  takes  care  of  payrolls,  receiving 
reports  from  timekeepers  or  foremen,  and 
any  other  paperwork.  The  field  engineer  does 
whatever  engineering  is  needed  on  the  job 
and  is  responsible  for  seeing  that  the  proper 
layout  of  the  project  is  carried  out.  On  large 
projects,  the  field  engineer  may  have  a sur- 
vey crew. 

Various  foremen  are  also  under  the  super- 
intendent. Where  several  craftsmen  of  one 
trade  are  working,  there  is  usually  a foreman 
for  that  trade.  For  example,  if  eight  car- 
penters are  working,  there  is  usually  a 
carpenter  foreman  in  charge.  There  may  also 
be  a steel  foreman,  a concrete  foreman,  or 
an  earthwork  foreman.  Subcontractors  also 
have  foremen  on  jobs  where  more  than  two 
or  three  men  work.  On  an  extremely  large 
job,  such  as  doing  all  the  electrical  work  for 
a skyscraper,  the  electrical  subcontractor 
might  even  have  a superintendent  and 
several  foremen.  The  superintendent  for  the 
general  contractor  supervises  the  work  of 
the  subcontractors  as  well  as  that  being  per- 
formed by  the  contractor’s  own  employees. 
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Summary 

The  main  responsibility  of  the  contractor 
is  to  get  the  job  done.  The  owner’s  job  is 
to  furnish  the  money.  The  architect-engi- 
neer represents  the  owner  to  see  that  the  job 
is  built  according  to  the  plans  and  specifi- 
cations. The  contractor  gets  the  job  done  with 
his  employees,  subcontractors,  and  suppliers. 
To  work  effectively,  the  contractor’s  employ- 
ees are  so  organized  that  each  performs  a 
certain  duty. 


Terms  to  Know 

responsibilities  construction  group 

supervise  foreman 


superintendent 
real  estate 
inspect 
organize 

administrative  group 
engineering  group 


craftsman 
field  engineer 
clerk 
field  office 
coordinate 
pertaining 


Think  About  It! 

1.  On  a construction  project  the  contractor 
must  be  sure  that  all  the  correct  mate- 
rials are  used.  What  other  responsibilities 
does  he  have  ? 

2.  If  you  were  going  to  work  in  one  of  the 
groups  in  a contractor’s  office  (adminis- 
trative, engineering,  construction),  which 
would  you  choose?  Why  ? 


Collective 

Bargaining 
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One  person  has  little  bargaining  power. 
When  people  with  :ommon  interests  join 
together,  they  can  jointly  elect  one  person  to 
speak  for  them  all.  This  person  has  more 
authority  than  any  other  single  member  in 
securing  benefits  for  them  aii.  When  this 
elected  leader  seeks  benefits  for  the  group, 
from  the  employer,  he  is  doing  collective 
bargaining.  Labor  union  is  the  name  given 
to  a group  of  organized  workers  who  wish 
to  bargain  collectively. 

Labor  unions,  representing  about  one 
quarter  of  our  labor  force,  play  an  impor- 
tant role  in  the  complex  economy  of  modern 


Fig.  24-1.  The  dignity  and  integrity  of  labor  comes 
from  fair  treatment  in  job  assignments 
and  performance  requirements. 


America.  Union  members  work  in  such  fields 
as  transportation,  communication,  construc- 
tion, and  manufacturing. 

By  working  together  through  a union,  all 
the  employees  of  a company  can  speak  with 
one  voice  at  the  bargaining  table  just  as  the 
owner  does.  Part  of  dignity  on  the  job  is 
fair  treatment  in  job  assignments  and  per- 
formance requirements.  But  unions  also 
negotiate  (discuss  and  decide)  for  other 
benefits  such  as  better  wages,  better  work- 
ing conditions,  and  a comfortable  retire- 
ment for  their  members.  Fig.  24-1. 


Fig.  24-2.  The  wages  this  electrician  earns  influence 
the  cost  of  things  we  buy  as  well  as  the 
things  he  buys. 
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Unions  are  important  in  our  everyday 
lives.  The  wages  workers  earn  not  only  are 
part  of  the  total  cost  of  the  things  we  buy, 
but  these  wages  also  determine  how  many 
things  the  workers  can  buy,  Fig.  24-2.  If 
workers  made  little  money,  they  might  not 
be  able  to  afford  to  buy  cars  or  television 
sets  that  other  workers  make. 

Although  many  workers  do  not  belong  to 
unions,  these  organizations  are  important 
to  everyone.  Often  the  gains  made  by  local 
unions  are  shared  by  unorganized  workers. 
Also,  the  price  of  manufactured  goods  we 
buy,  the  cost  of  our  homes,  and  even  the  size 
of  a telephone  bill  are  partly  determined  by 
the  actions  of  labor  unions.  Perhaps  you 
may  one  day  belong  to  a union.  In  this  les- 
son, you  will  study  about  the  history,  organ- 
izations, and  activities  of  today’s  labor 
unions,  particularly  the  building  and  con- 
struction trades  unions.  You  will  find  out  how 
you  can  join  a union. 


History  of  the  AFL-CIO 

The  first  labor  unions  in  the  United  States 
appeared  in  the  1790’s.  The  first  of  these 
organizations  to  become  important  was  the 
Knights  of  Labor  founded  by  Terrance  V. 
Powderly  in  1869.  Although  it  claimed 
700,000  members,  it  was  unpopular  and 


Fig.  24-3.  The  consfrucfion  labor  force  is  composed 
of  a mixture  of  people  with  varied  trades, 
crafts,  and  skills. 


unsuccessful  in  reaching  its  aims.  During 
the  1890’s  it  collapsed. 

A more  successful  union  of  the  same 
period  was  the  American  Federation  of 
Labor  (AFL)  founded  by  Samuel  Gompers. 
It  organized  skilled  craftsmen  into  unions. 
The  AFL  has  grown  since  its  beginning.  In 
1940  it  had  over  4,000,000  members,  and 
after  World  War  II  about  7,000,000  mem- 
bers. 

In  the  1930’s  many  labor  leaders  believed 
that  a new  sort  of  national  association  of 
unions  was  needed  for  workers  not  in  skilled 
trades.  In  1938  they  set  up  the  Congress  of 
Industrial  Organizations  (CIO)  in  competi- 
tion with  the  AFL.  This  union  organized 
on  an  industrial  basis.  That  is,  all  of  the 
workers  in  industry  from  the  unskilled  to 
the  skilled  were  in  one  union.  It  grew  rapidly. 

In  1966  these  two  great  organizations 
joined  together.  Together  they  had  14,000,- 
000  members  in  140  unions.  Today  the 
membership  of  this  organization,  the  AFL- 
CIO,  is  nearly  one  quarter  of  America’s 
labor  force.  In  addition,  there  are  certain 
independent  unions  which  do  not  belong  to 
the  AFL-CIO. 


The  Building  and  Construction 
Trades  Department 

Today’s  AFL-CIO  is  divided  into  depr ’ 
ments.  Each  department  is  made  up  of 
unions  in  a certain  category.  One  of  the 
most  important  of  these  is  the  Building  and 
Construction  Trades  Department  which  was 
founded  in  1908.  It  has  18  member  unions 
from  Iron  Workers  and  Boilermakers  to 
Carpenters  and  Granite  Cutters.  Because  it 
affects  so  many  workers,  the  work  of  the 
Building  and  Construction  Trades  Depart- 
ment is  far-reaching  and  important. 

Unlike  the  manufacturing  employee  who 
may  work  during  his  whole  career  with  one 
company,  a construction  employee  may  work 
with  many  different  employers.  Construction 
work  is  done  on  many  different  sites  and 
with  many  different  employers.  Working 
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conditions  and  employers’  requirements 
could  vary  from  one  project  to  the  other. 
Thus,  construction  employees  need  the  union 
to  protect  their  benefits  as  workers. 

The  Building  and  Construction  Trades 
Department  represents  the  welfare  of  the 
building  trades.  All  of  its  officers  are  elected 
by  delegates  to  a convention  of  the  depart- 
ment. The  duties  of  the  department  officers 
are; 

1.  To  work  with  aiid  to  organize  its 
members 

2.  To  settle  disagreements  between  mem- 
bers 


3.  To  keep  pace  with  the  labor  policies  of 
the  state,  local,  and  national  govern- 
ments 

4.  To  carry  on  a program  of  information 
and  education  on  the  place  of  th?  build- 
ing trades  in  our  economy 


How  Unions  and  Contractors  Bargain 

There  are  several  causes  of  conflict 
between  the  union  and  management.  These 
come  from  their  differing  goals.  Manage- 
ment, such  as  a contracting  firm,  seeks  to 


Organization  Chart  Of  AFL-CIO 


National  Convention 
Every  Two  Years 


AFL‘CIO  membership 
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make  money  for  the  firm  or  company.  The 
union  tries  to  get  as  many  benefits  as  pos- 
sible for  its  members. 

Four  common  causes  of  labor-management 
disagreements  are: 

1.  Rate  of  wages 

2.  Working  conditions  or  the  environment 
in  which  the  laborer  works 

3.  Hours  of  work 

4.  Fringe  benefits  or  extra  privileges  such 
as  vacation 

The  union  favors  an  improvement  of  these 
because  they  make  life  for  the  worker 
more  pleasant.  The  employer  seeks  to  limit 
them  because  they  will  decrease  his  profits 
and  may  even  keep  him  from  bidding 
successfully  for  projects,  thereby  putting 
him  out  of  work.  A fair  balance  must  be 
found  if  everyone  is  to  profit  including 
workers,  owners,  and  buyers.  Collective 
bargaining  is  used  to  find  this  balance. 

Before  1932,  each  of  the  48  states  had  its 
own  rules  and  regulations  between  employers 
and  employees  represented  by  labor  organ- 
izations. Because  such  rules  and  regulations 
varied  from  state  to  state,  it  became  neces- 
sary to  set  up  a mtional  labor  policy. 
Congress  has  passed  laws  to  provide  this 
policy.  Table  24-1. 

Workers  and  employers  use  agreements 
and  contracts  to  serve  as  the  rules  and 
regulations  of  their  relationship.  These 
agreements  and  contracts  are  reached 
through  collective  bargaining.  Both  sides 
must  be  willing  to  give  and  take  on  their 
goals  if  collective  bargaining  is  to  be  a 
success.  In  the  end,  the  agreement  should  be 
acceptable  to  both  sides. 

The  union  may  use  several  procedures  to 
achieve  its  aims  by  collective  bargaining.  It 
may  attempt  to  settle  differences  by  discus- 
sion or  negotiation.  If  this  is  not  successful, 
the  union  may  resort  to  a strike.  In  general, 
unions  and  management  seek  to  settle  their 
differences  by  peaceful  and  businesslike 
relations.  If  labor  and  management  cannot 
reach  an  agreement,  an  impartial  mediator 
is  requested  by  both  parties  to  assist  them  in 
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reaching  an  agreement.  Both  partie.9  discuss 
their  disagreement  with  the  mediator  who 
attempts  to  end  their  differences  by  encour- 
aging discussion.  The  mediator  doen  not 
have  the  power  to  enforce  his  decisif  n.  If 
mediation  does  not  work,  a strike  or  arbitra- 
tion may  be  used. 

Sometimes,  when  the  national  security  or 
public  welfare  is  threatened,  arbitration 
may  be  used.  An  arbitrator  is  appointed  to 
arbitrate  (settle)  a disagreement  while  the 
work  continues.  An  arbitrator  is  a third 
party  (besides  labor  and  management)  who 
has  the  power  to  decide  a settlement.  Labor 
and  management  agree  that  compulsory 
(forced)  arbitration  is  no  substitute  for  free 
collective  bargaining  and  the  right  to  strike. 
They  believe  the  directly  involved  parties 
should  negotiate  in  good  faith. 

The  last  resort  is  the  strike.  When  the 
strike  is  voted  by  the  union  membership, 
none  of  the  members  of  the  union  go  to  work 
until  a settlement  is  reached.  Strikes  are 
used  by  the  union  because  loss  of  profits  by 
the  employer  and  pressure  from  those  who 
need  the  employer’s  product  may  force  man- 
agement to  bargain  in  good  faith.  Strikes 
are  avoided  by  labor  and  management  when- 
ever possible.  They  hurt  the  union  members 
because  the  workers  are  not  paid  by  the 
employer  for  the  days  on  strike.  Though 
some  unions  have  strike-benefit  payments, 
the  money  is  only  a part  of  what  wages 
would  be.  A strike  hurts  the  employer  be- 
cause of  loss  of  production  and  profits  while 
overhead  costs  continue. 


Labor-Management  Cooperation 

Labor  and  management  do  not  always 
disagree.  They  work  together  in  many  areas 
such  as  (1)  training  programs,  (2)  work 
promotion,  and  (3)  safety  programs.  In  a 
world  with  rapidly  changing  production 
techniques,  especially  in  construction,  the 
union  wants  its  members  to  be  skilled  so 
they  will  be  hired  by  an  employer  and  can 


Fig.  24-4.  Much  construction  involves  dangerous 
work,  Both  lobor  ond  manageinent  want 
safe  working  conditions. 
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demand  a higher  wage.  Management  wants 
skilled  workers  because  they  are  more 
productive. 

Work  promotion  is  also  favored  by  both 
management  and  labor.  Work  promotion 
means  to  support  new  construction.  Man- 


Fig. 24-5.  Each  local  union  has  its  own  adminisfrafive 
center  which  follows  the  standards  and 
requirements  of  the  national  organization. 


agement  supports  this  because  more  con- 
tracts should  mean  more  efficient  use  of 
resources  and  more  profits.  The  union  wants 
work  promotion  because  more  production 
means  employment  for  members. 

Both  labor  and  management  have  an 
interest  in  safety  programs.  The  employer 
knows  that  the  loss  of  a skilled  craftsman 
because  of  injury  is  the  loss  of  a valuable 
employee.  Unions  support  safety  programs 
because  physical  well-being  is  in  the  interest 
of  their  individual  members,  Fig.  24-4. 

In  order  to  run  these  programs  and  to 
deal  with  other  problems  (such  as  workers’ 
complaints  against  the  employer),  the  union 
and  management  may  set  up  joint  councils 
or  committees.  In  these  joint  councils  or 
committees,  they  try  to  solve  their  common 
problems. 


Joining  a Building  Trade  Union 

If  you  are  interested  in  joining  a building 
trade  union,  you  must  meet  certain  require- 
ments. These  are  different  for  each  construc- 
tion trade  union.  The  Electrical  Workers 
union  and  the  Carpenters  union,  for  exam- 
ple, each  has  its  own  separate  standards. 
Fig.  24-6.  Within  the  national  union  organi- 
zation, each  local,  city,  or  plant  union  may 
establish  membership  rules.  All  national  and 
local  unions  in  every  construction  trade 
usually  prefer  that  all  members  have  a high 
school  education  and  a sincere  interest  in 
the  craft.  Apprentices  (new  workers)  enter 
the  union  through  apprenticeship  programs 
(training  programs).  These  programs  fol- 
low National  Standards  registered  with  the 
U.S.  Department  of  Labor. 

So  that  you  understand  more  fully  the 
rules  for  joining  a union  in  the  construction 
industry,  let  us  look  at  a typical  local  union’s 
membership  standards.  A local  union  of  the 
United  Brotherhood  of  Carpenters  and  Join- 
ers of  America,  which  governs  the  work  of 
carpenters  in  Columbus,  Ohio,  is  such  a un- 
ion. Carpenters  who  are  employed  on  union 
construction  projects  in  this  city  belong  to 
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this  union  and  are  either  journeymen  or 
i indentured  apprentices. 

To  join  the  union,  the  applicant  must  first 
have  a high  school  education  or  its  equiva- 
lent. He  must  be  selected  by  a joint  labor- 
i management  committee  according  to  objec- 

I tive  standards  set  by  the  committee.  Then, 

I he  must  serve  a trial  (probationary)  period, 

; usually  for  90  days.  If  he  is  found  to  be 

i satisfactory,  he  is  allowed  to  join  the  union 

; by  paying  an  initiation  fee  (usually  about 

: $25).  At  the  beginning,  the  rate  of  pay  for 

; an  apprentice  is  about  60%  of  the  journey- 

I man  rate.  He  receives  increases  every  six 

i months  during  his  apprenticeship  until  he 

j reaches  the  journeyman  pay  scale.  The  ap- 

i prentice  member  must  pay  union  equal 

I to  about  IV2  hours  pay  each  month.  For  four 

! years  the  apprentice  receives  on-the-job 

j training  \?nder  the  supervision  of  a journey- 

1 man.  Also,  he  must  go  to  classes  two  nights 

I a week  during  the  school  year.  When  he  suc- 

! cessfully  completes  his  training  program, 

I the  apprentice  is  granted  membership  as  a 

■ journeyman  carpenter.  With  this  title  he  is 

i 

I 

i 

i 


Fig.  24-6.  Monagement  and  labor  negotiate  to 
resolve  their  disagreements. 


eligible  to  work  as  a journeyman  on  any 
construction  project  within  the  jurisdiction 
(authority)  of  the  union  and  to  receive  the 
wages  negotiated  for  a journeyman.  He  may 
also  transfer  to  other  local  unions. 

The  journeyman  now  has  earned  all  bene- 
fits of  union  membership.  Among  them  are : 
(1)  membership  in  the  welfare  and  retire- 
ment plans  of  the  union  in  which  he  receives 
payments  and  medical  care  for  himself  and 
his  family  in  the  case  of  disability  or  retire- 
ment, (2)  improved  employment  opportuni- 
ties as  a result  of  training  programs  and 
work  promotion  activities,  and  (3)  the 
right  to  have  his  name  placed  on  the  un- 
employment list.  (This  is  a list  of  journey- 
men out  of  work  at  a certain  time.)  If  a 
contractor  needs  carpenters,  he  may  contact 
the  union  and  ask  for  the  number  of  workers 
he  needs.  The  union  then  contacts  men  whose 
names  are  on  the  unemployment  list  and 
refers  them  to  the  contractor.  In  this  way, 
the  union  ac  is  as  an  employment  agency  foi 
the  unemployed  carpenters  and  for  the 
contractor. 


Summary 

Workers  (unions)  and  employers  (man- 
agement) make  agreements  and  contracts 
by  a process  known  as  collective  bargaining, 
Fig.  24-6.  Workers  join  together  in  unions 
so  thQT  can  bargain  with  a single  voice.  Most 
international  unions  are  affiliated  (members 
of)  with  the  American  Federation  of  Labor 
(AFL)  and  the  Congress  of  Industrial  Or- 
ganizations (CIO) , The  AFL  and  CIO  joined 
together  in  1955  to  form  the  AFL-CIO.  The 
Building  and  Construction  Trades  Depart- 
ment of  the  AFL-CIO  is  one  of  the  most 
important  parts  of  this  union  organization. 

Requirements  for  joining  a building 
trades  union  are  set  by  each  local  of  the 
national  union.  Usually  the  applicant  must 
(1)  have  a high  school  education  and  (2) 
work  under  a training  program  for  a certain 
length  of  time  before  becoming  a journey- 
man member  of  the  union. 
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Working  conditions 


Wages 


Benefits 


Terms  to  Know 

labor  union 

management 

trade  union 

the  strike 

AFL-CIO 

wages 

skilled  worker 

working  conditions 

unskilled  worker 

fringe  benefits 

category 

apprentice 

disability 

initiation  fee 

employer 

dues 

employee 

on-the-job  training 

NLRB 

jurisdiction 

negotiate 

local 

arbitrate 

journeyman 

mediator 

protect 

labor 

collective  bargaining 

guarantee 

Think  About  It! 

1.  Why  do  construction  workers  have 

special  need  for  help  from  a union? 

2.  Union  members  and  their  employer  reach 
an  agreement  through  collective  bargain- 
ing. 

a.  What  kinds  of  things  do  they  bargain 
about? 

b.  What  can  a mediator  do  to  help  settle 
a difference? 

c.  What  can  an  arbitrator  do? 

d.  Why  does  a union  try  to  avoid  a strike? 

3.  In  what  kinds  of  activities  do  labor  and 
management  usually  work  together? 


’ Seniority 


Hours 


Grievances 

procedures 
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Hiring 

Construction 

Personnel 


The  importance  of  hiring  practices  be- 
comes clear  when  you  realize  that  each  of 
the  millions  of  construction  workers  was 
hired  at  least  once.  Many  construction  work- 
ers are  hired  a number  of  times  each  work- 
ing season.  This  is  because  they  often  move 
from  one  employer  to  another  as  they  move 
from  one  construction  site  to  another,  Fig. 
25-1. 

The  next  few  lessons  tell  about  the  various 
personnel  practices  in  construction.  This  les- 
son tells  about  one  part  of  the  personnel 
practices,  that  of  hiring.  In  construction, 
there  are  three  major  practices  in  hiring: 
recruiting,  selecting,  and  inducting.  The 
following  readings  will  help  you  understand 
other  personnel  practices  such  as  training, 
working,  advancing,  and  retiring. 


Recruiting 

Recruiting  is  the  finding  and  attracting  of 
needed  employees.  Recruiting  may  be  fairly 
simple.  A small  construction  contractor  may 
hire  someone  who  has  been  watching  the 
construction  work.  Fig.  26-2.  Or,  for  a large 
contractor,  recruiting  may  be  a long  and  ex- 
pensive process.  This  is  especially  true  when 
a specialist  such  as  an  architect,  civil  engi- 
neer, draftsman,  foreman,  or  skilled  crafts- 
man is  needed.  In  every  case,  the  contractor 
must  make  the  job  attractive  enough  that 
employees  will  want  to  work  for  him. 

Recruitment  begins  with  the  request  to 
fill  a job  opening  or  hire  someone  for  a new 
job.  Although  the  request  may  come  from 
the  foreman  or  superintendent,  the  recruit- 
ing is  done  by  the  personnel  man,  or  in  a 
large  organization,  the  personnel  depart- 


ment. The  personnel  department  has  job  de- 
scriptions which  tell  what  each  worker  is 
expected  to  do.  They  will  also  have  a descrip- 
tion of  the  skills,  education,  and  experience 
that  the  needed  worker  must  have.  The  per- 


Fig.  25-1.  These  construction  workers  will  work  at 
this  job  until  it  is  completed.  Then  they 
will  move  on  to  another. 


Fig.  25-2.  This  man  who  is  watching  the  construction 
work  may  be  hired  by  the  contractor. 
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sonnel  department  may  recruit  workers  in 
these  ways:  (1)  by  advertising  in  news- 
papers, (2)  by  checking  with  schools  and 
colleges,  or  (3)  by  placing  job  orders  with 
public  and  private  employment  agencies. 

The  way  that  union  contractors  in  the 
building  and  construction  industry  recruit 
workers  is  usually  provided  for  in  the  col- 
lective bargaining  agreement.  The  union  and 
employer  have  usually  set  up  procedures  by 
which  the  employer  calls  the  union  when  he 
needs  workmen.  This  is  known  as  the  hiring 
hall  or  referral  provision.  (See  Fig.  25-3.) 
It  is  agreed  in  advance  that  the  union  will 
maintain  a pool  of  skilled  construction  work- 
men. The  employer  then  calls  the  union  and 
places  an  order  for  the  number  of  men 
needed.  Then,  the  union  refers  the  workmen 
to  the  employer  for  hire. 

The  referral  provision  has  proven  to  be  of 
service  to  everyone  involved.  It  helps  the 
contractor  to  be  free  to  bid  any  size  job. 


Fig.  25-3.  Skilled,  union  electrical  workers  can  report 
at  the  union  hall  to  find  a job. 


because  he  knows  he  has  a source  of  qual- 
ified workmen.  The  worker  is  helped  by 
receiving  placement  help  and  knowing  that 
his  wages  and  working  conditions  will  be 
covered  by  an  agreement. 

Selecting 

Selecting  is  a screening  process  for  choos- 
ing the  best  qualified  person  from  among 
those  who  apply  for  each  job.  Selecting, 
like  recruiting,  may  be  an  easy  or  a difficult 
process.  It  depends  on  what  kinds  of  jobs 
have  to  be  filled,  the  number  of  people  who 
want  the  job,  and  the  company’s  hiring 
policy.  A good  selection  can  be  made  only 
if  many  facts  are  known  about  the  people 
who  want  the  job  and  the  job  itself.  These 
facts  help  the  employer  decide  who  is  the 
best  person  for  the  job. 

There  are  many  ways  to  get  facts  about 
an  applicant  (the  person  wanting  the  job) . 
First,  there  is  an  application  form.  See  Figs. 
25-4  and  25-5.  This  gives  basic  information 
and  helps  to  show  if  the  person  meets  the 
company’s  standards.  For  most  jobs  today, 
filling  out  some  kind  of  application  blank  is 
required.  In  most  cases,  the  form  is  filled 
out  by  the  applicant.  Fig  25-6.  In  some  cases, 
however,  it  is  done  by  the  employer  who 
asks  the  applicant  questions.  The  way  the 
applicant  answers  the  questions  and  what 
he  says  help  che  employer  to  judge  the  ap- 
plicant. 

Testing  may  also  be  used  to  select  a per- 
son applying  for  a job.  There  are  two  major 
kinds  of  tests : proficiency  tests  and  aptitude 
tests.  Proficiency  tests  measure  such  abil- 
ities as  typing  and  bricklaying.  They  are 
given  to  applicants  who  want  skilled  posi- 
tions in  the  construction  industry.  These 
tests  require  applicants  to  produce  samples 
of  work  which  the  employer  then  compares 
to  the  work  of  successfully  employed  trades- 
men. Proficiency  tests  may  also  require 
answers  to  oral  or  written  questions.  Gen- 
erally, these  operations  and  questions,,  can 
only  be  performed  and  answered  by  an  ex- 
perienced person. 


I 


THIS  FORM  SHOULD  BE  COMPLETELY  FILLED  OUT  TO  RECEIVE  PROPER  CONSIDERATION 

APPLICATION  FOR  EMPLOYMENT 


|To  II  mtiD  our  IV  ArniCANT  in  own  hanowiiTinoi 


DATE  or  APPIICATtON- 


name  in  Full 

rillT  MiDDll  LAST 

PRESENT 

ADDRESS PHONE  NO 


trim  «ND  NUMiii  orv  ano  srAri 

LAST  PREVIOUS _AD^ESS 

” IF  SCMOOl  AGE 

SOCIAI  SECURITY  No.  HAVE  YOU  A WORKING  PERMIT?  

MAIE*  FEMME*  SiNcTe'  MARRIED  fEPARATED  OlVORaO  WIOOW{ER) 


ACE DATE  OF  BIRTH* 

HEIGHT WEIGHT. COlOR  OF  EYES COIOR  HAIR 

ARE  YOU  A CITIZEN  OF  UNITED  STATES? 

IF  MARRIED,  IS  WIFE  ImUSBANOI  WORKING?. - WHERE? 

HUSBAND'S  (OR  WIFE'Sl  NAME  IN  FUll 

iiisr  mimii  lAsr 

LIGHT 

IIVE  WITH  PARENTS REIATIVES BOARD HOUSEKEETINC 

In  Col*  of  omorgtncy,  Ivth  oi  l*rIoui  ln|uty  or  Min* II,  notify  Iho  following  ptrMni 

NAME PHONE  No 

ADDRESS CITY  & STATE 

FATHER’S  NAME  IN  FUll 

DO  YOU  have  UFE  INSURANCE’ WHAT  COMPANIES? 

STATE  NUMBER  OF  DEPENDENTSi  ADUITS CHILDREN ACES? 

Hovo  You  Ev#f  Rocilvid  I'N-EMPlOYMENT  COMPENSATION? HOW  MANY  TIMES? 

FROM  WHAT  EMPLOYERS’. 

HAVE  YOU  ANY  RRIATIVES  OR  FRIENDS  WORKING  HERE? WHO? 

WHAT  IS  YOUR  No  I HOBBY? —OTHERS 

DO  YOU  USE  A TYPEWRITER? WEll FAIR VERY  SlOWlV 

DO  YOU  USE  A CAMERA? OFTEN? SELDOM? FINISH  YOUR  OWN  FILMS? 

f\r  AmviNO  Ai\  RECKLESS  HOW  MANY 

\diu»Ii»man  / EVER  CONVICTED  FOR -- DRIVING’ SPEEDING? TIMES? 

tr  SC- 
ARE YOU  NOW  EMPLOYED? WHY  DO  YOU  WANT  TO  CHANCE? 

Hovo  You  Clhor  EMPLOYMENT  APPL, CATIONS  PENDING? WHAT  FIRMS? 

HAVE  YOU  EVER  HAD  A SURETY  BOND’ CANCEllED? REFUSED? 


Prinlii  I*  U.  !•  A. 


Cnyytifhtt  M*il«r  Ffc*l*  A ftnlihtr*'  AilMUtUn 


EDUCATIONi 


GIVE  NUMBER  OF  YEARS  AHENDED 

NAME  or  SCHOOL 

CITY 

STATE 

GRAAAMAH  SCHOOL 

YEARS 

HIGH  SCHOOL 

YEARS 

COLLEGE 

~ YEARS 

WHAT  SPECIAL  COURSES? 


EMPLOYMENT  HISTORYr 


STATE  FULLY  HOW  YOU  HAVE  BEEN  PREVIOUSLY  EMPlOVEO  OR  ENOACEO  FOR  LAST  3 YEARS 


MOM 

MQMTw— ytnt 

TO 

month— VIM 

FIRM  EMPlOVEO  BY 

WHAT  010  YOU  DO’ 

EMPLOYER  S ADDRESS 

NAMi  or  riitON 
you  v/oiKfo  roi 

WHY  DID  YOU  LEAVE? 

REFERENCES! 


GIVE  THE  NAMES  OF  THREE  RELIABLE  PERSONS  TO  WHOM  WE  CAN  REFER,  WHO  ARE  SUFFlClENTlY  FAMIL  AR  WITH  YOUR 
QUALIFICATIONS  ANO  CHARACTER  TO  GIVE  INFORMATION  ABOUT  YOU.  DO  NOT  INOUDE  RRATIVtS  OR  FORMER  EMPLOYERS. 


PRESENT  ADDRESS 


CITY  ANO  STATE 


DESIRE  EMPLOYMENT  INt 
what  experience 
IF  ANY  FOR  THIS  WORK? 


PHOTO 

IAlOlATORY_ 


RETAIL 
. STORE- 


OFFICE 

WORK OEIIVERY 


lANITOR 
. ..WORK. 


WILL  YOU  ACCEPT 
.OTHER  WORK? 


HEALTHi 


THE  FOLIOWINO  INFORMATION  IS  GIVEN  IN  LIEU  OF  A 
PHYSICAL  EXAMINATION 


• H«Ml«  *t 


« kM*  •«  • 


M**«  **w  l*4***nj  Iw  »«M*«ti  m »n*MK«wl  


IMPORTANT 

”1  hsrsby  worront  that  Ih*  tiiformollon  gtv*n  by  m*  In  thli  applkotlon  ti  irun  In 
oil  rMpncIi  ond  I ogm*  fhot  If  nmplaynd  and  tl  ||  found  lo  b«  fall#  In  ony 
roipt<l,  Ihol  t will  b*  iub]f<t  lo  dlimtiiot  without  nolk«.** 

"I  horoby  outhorlio  you  or  my  formtf  omployofi  or  reftroncoi  lo  furntih  any 
Informotlon  concsmlng  my  porionol  choroclor,  hobtli  or  omptdymoni  rtcord  and 
I Koreby  rotooio  oil  iu<h  porioni  front  any  tiobitlly  or  domogoi  on  occouni  of 
having  furnlthtd  luch  Informotlon.'* 

In  roturn  for  Ihli  ogriomoni  Ihol  I wilt  rocolv*  on*  wttL'i  noikt  or  RquIvalRnl 
In  poy  In  coit  my  lorYtcoi  or*  no  tongor  roquirod  through  no  faufl  of  my  own. 
I ogrM  If  omploytd,  lo  glv*  on#  wtoli  of  nolle*  of  my  Initnilon  lo  dlieonflnuo 
my  omptoyminl. 

SIGNATURE 

OP  APPLICANT  X 

« *1  v**!  M fW  Mw*l  l**W*M»t  wtUWt  4ti0lahwtlM  k *«*ktM*t  M 


Fig.  25-4.  An  applicant  is  asked  to  give  information  .pbout  himself  on  the  application  form. 

H9  


CONnOBTHAL 


FOR 


EMPLOYMENT  INFORMATION 

SOPAL  SECURITY  No, 


W »MW  t t 
f KMii»>  M M a IMV  « 


imrtOTM  ■•ooao"  <Ua 
mwmtf,  M*  to  ■ MMfKT'  Ito. 

M aMtotototaw.  Uto  la  -*mKATIO*«  IMCTI*.** 


AnnDF5L<;  when  EMPLOYED 

PHONE  No. 

DAT! 

ADDRESS 

CHANGES 

PHONE  No. 

ADDRESS 

CHANGES 

PHONE  No. 

ADDRE^ 

CHANGES 

PHONE  No. 

ADDRESS 

CHANGES 

PHONE  No. 

ADDRESS 

CHANGES 

PHONE  No. 

OTIS  "RATE  OF  LEARNING**SCORE> 


NUMIEI  Of 
QiiKTIONt  ANSWIUP 


NUMiei 

coiitcr 


••RATE  OF  MANIPULATION"  SCORE.  mtf’"  twT"" 

PHOTO  APTITUDE  SCORE.  — SCSriNGlfSoii  MATCHING  {ISon 

APPFAPANCF.  FXCFLLFNT  NEAT  FAIR  __POOR 

PFDSONALITY.  FXCELLFNT  PLEASANT  FAIR  RESERVED 

VOirF.  lOlin  CLEAR  SOFT  IMPAIRED 

AppFa[^RS  S^IITFD  FOR.  PRODUCTION  WORK  SALES  EXFC. 

APPARENT  HANDICAPS) 

GENERAL  COMMENTS  ON  INTERVIEW)  — 

STARTED  WORK  — DATE^ 


. STARTING  PAY  $_ 


TIMC 

.aooc  N».- 


HIRED  FOR:  (StssiMjATiow) 


DEPARTMENT 


EMPLOYMENT  RECORD 


ADVANCEMENTS:  — PAY  INCREASES  PERFORMANCE  / 

DAKOf  CHAP«Ct 

POSITION  ASSIONtO 

■ EASONS 

✓ ✓ / 

AmOVED 

IT 

NEW  lAtE 
PAT 

CMAIAaEi  Of  SEtVICB 

1 

1 

11 

1 

IRTiA 

Sim 

NEW 

AllllTY 

LONG 

SEtVICE 

QUALITY  Of  WOBX 

iniA 

SKIll 

NEW 

AlUITT 

LONG 

SEfVICE 

PffOOUCnON-VOLUM  B 

lltiA 

Sim 

NEW 

AlUITY 

LONG 

SEIVICI 

ATT1TUOE-WOIX 

ItTIA 

Sim 

NEW 

Alll'TY 

LOPfO 

SEffVICE 

AniTUDEOtOANIZATION 

lltU 

silll  ■ 

NEW 

AtUITY 

LONO 

SEffVICE 

AntHO  ANa-pUNCTUALi  nr 

litU 

tim 

NEW 

AlUITY 

LONO 

SEtVICE 

GENERAL  INFORMATION  & REMARKS:  — 

DAYS 

VACATIC 

FffOM 

)NS 

TO 

ANNUAL  EARNINGS 

YCAE  AAOUNT 

19  $ 

EMPLOYMENT  RELEASE.- 

OttOC  AND  CXfLAIN  IN  DCTAIl  UND 
□ DISCHAICfDi  □ li 

DATE  . ■ 

-IffT 

Cl  ‘’KIMAIU 
SIGNCO  ' 

i”  CXAaiCASOI 

□ 

) «»0« 

H rO«  ICAVINCa 
OTHCI  ICASONi 

' toOtott 
; eaiPtoiMO 

' IMOOtoMtIMT 
IA2T  — too  ItOW 
TKMWI  MMI« 

OTMU 

unit  io« 

Ml  MtAUH 
DOnirt  MIS 
uif  uattOal 

iNtti  ■litiAir  Mtvicf 
□ lut  ItAMCM  Of  UtVKt 
IM«ti  -ttRAAm- 

AntMO  KMQOI  n MOV«  AWAt 

TO  mAttTTQ  PttONAWI  n imitn  TtAP««ll 

to  OAAW  IMM*.  UOtMANa  □ VAC  tflllP  WOHII 

□ IVTtA  VPOM  0*MV 

DID  YOU  OffQ  rUtTHil  IMnOYMOm  If  NOT.  STATE  UASON  KlOWi 

WOULD  YOU 

MvuMrvrt 

(f  NOT.  STATE  MASON  DElOWi 

HCBVIDPAY 
Of  AU  OCMA 

MfUU 

kJM  VfiNAT^rffi 

Fig.  25-5.  Other  parts  of  the  application  form  will  contain  a record  of  the  applicant’s  test  scores,  his  appearance 
and  personality,  and  a record  of  his  employment  if  he  is  hired. 
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Aptitude  tests  are  used  to  measure  an 
inexperienced  or  untrained  person’s  ability 
to  learn  and  do  a job  quickly.  The  results 
of  these  tests  help  in  the  selecting  of  ap- 
prentices in  the  construction  trades  and  for 
many  other  kinds  of  jobs. 

Many  specific  aptitude  tests  for  skilled 
occupations  in  the  construction  industry 
have  been  made  by  the  United  States  De- 
partment of  Labor,  Bureau  of  Employment 
Security,  United  States  Employment  Service. 
This  Service  has  also  developed  a General 
Aptitude  Test  Battery.  This  test  gives  the 
applicant  a good  idea  of  his  ability  for  a 
number  of  different  kinds  of  work.  It  is  used 
to  help  an  applicant  who  is  not  sure  of  what 
kind  of  job  he  would  like.  Information  about 
these  tests  can  be  found  at  any  State  Em- 
ployment Service  office.  Preemployment 
testing  is  an  efficient  way  of  estimating  an 
applicant’s,  ability  before  he  is  hired.  An  hour 
of  testing  may  tell  as  much  ariout  him  as 
several  days  on  the  job,  Fig  25-7. 

Interviewing  is  another  way  of  selecting 
employees.  The  interview  is  generally 
thought  of  as  the  most  important  part  of 
the  hiring  process.  Every  job  selection  pro- 
cedure includes  one  or  more  interviews.  An 
interview  is  a talk  between  an  employer  and 


Fig.  25-6.  The  state  employment  service  begins  its 
work  by  having  an  applicant  fill  out  an 
application  form. 
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a person  who  wants  a job.  Usually,  the  em- 
ployer asks  the  applicant  questions,  but  the 
applicant  also  has  a chance  to  question  the 
employer  about  the  job  and  the  company. 
Interviews  are  different  depending  on  the 
job  to  be  filled.  A small  building  contractor 
interviewing  an  applicant  for  a laborer’s  job 
at  the  building  site  may  spend  only  a few 


Fig.  25-8.  The  applicant  is  interviewed  by  a staff 
member. 
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minutes  with  him.  Interviewing  a civil  en- 
gineer, draftsman,  or  foreman  might  take 
more  time.  Very  often  the  applicant  may  be 
interviewed  by  more  than  one  person.  A 
foreman,  superintendent,  or  manager  may 
do  the  final  interviewing.  Fig.  25-8. 

Checking  references  is  another  method 
used  to  select  workers.  A reference  is  a 
statement  of  an  applicant's  qualifications. 
Most  application  forms  ask  for  the  names  of 
persons  who  may  be  contacted  for  referen- 
ces. Sometimes  applicants  are  asked  to  show 
letters  that  recommend  them.  Usually  ref- 
erences are  of  two  kinds:  (1)  Character 
references  are  statements  from  people  who 
have  known  you  for  some  time  and  can  tell 
about  your  reputation  and  what  kind  of  a 
person  you  are.  (2)  Former  employer  ref- 
erences are  statements  from  former  em- 
ployers about  the  applicant’s  previous  per- 
formance. For  young  applicants,  school  re- 
cords are  almost  always  checked. 

Final  decisions  are  usually  made  by  per- 
sonal value  judgments.  No  two  employers 
will  look  for  the  same  qualities,  and  no 
two  employees  will  want  the  same  things 


Fig.  25-9.  When  work  is  found,  the  applicant  is 
notified  by  phone. 
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in  an  employer.  Employers  have  different 
strengths  and  weaknesses  in  their  capacities 
to  select  efficiently;  and  workers  have  dif- 
ferent strengths  and  weaknesses  in  their 
capacities  to  do  jobs. 


Inducting 

Induction  programs  are  designed  to  make 
the  new  employee  feel  that  he  belongs  to 
the  team  and  to  help  him  learn  how  to  do 
his  job  as  part  of  that  team.  These  programs 
give  information  about  the  history  of  the 
company,  its  products,  employee  benefits  and 
services,  company  policies  and  practices, 
work  rules,  and  the  importance  of  each  job 
for  the  whole  project. 


Fig.  25-10.  On  the  job,  the  new  worker  can  now  be 
informed  as  to  his  specific  duties. 
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A large  industrial  manufacturing  company 
may  have  a formal  induction  training  pro- 
gram with  employee  handbooks  and  pam- 
phlets to  explain  the  whole  company’s  oper- 
ation. A small  contractor  hiring  a building 
craftsman  may  assign  him  to  a project  su- 
perintendent who  will  in  turn  assign  him  to 
a foreman  who  will  assign  him  to  his  job, 
Fig.  26-10.  Before  being  referred  to  the  job 
by  his  union,  the  building  craftsman  is  ex- 
pected to  know  the  work  and  to  be  qualified 
to  perform  the  type  of  work  to  which  he 
is  assigned. 


What  Applicants  Should  Do 

When  applying  for  a job,  it  is  very  im- 
portant to  make  a good  first  impression. 
It  may  decide  whether  or  not  an  applicant 
is  hired.  To  make  a good  impression,  an 
applicant  should  prepare  for  an  interview  by 
gathering  facts  about  the  construction  in- 
dustry, the  employer,  and  the  job  he  wants. 
Also,  he  should  be  especially  neat  and  clean 
wheii  he  appears  for  the  interview.  He 
should  take  care  to  fill  out  the  application 
forms  neatly  and  accurately. 

Where  hiring  is  done  through  a hiring 
hall  or  referral  plan,  the  applicant  should 
apply  to  the  local  office  of  the  union  or 
craft  in  which  he  is  interested.  This  office 
will  then  provide  application  forms  and  ar- 
range interviews. 


Summary 

There  are  three  major  practices  in  hiring: 
recruiting,  selecting,  and  inducting.  Re- 
cruiting is  finding  and  attracting  job  appli- 
cants. Selecting  is  choosing  the  person  for 
the  job.  Inducting  is  getting  the  worker 
started  on  the  job. 

Through  collective  bargaining,  many  em- 
ployers and  unions  have  set  up  orderly 
procedures  for  recruiting,  selecting,  and  in- 


ducting skilled  production  craftsmen.  These  * 
procedures  are  known  as  the  hiring  hall  or 
referral  provisions  of  a collective  bargaining 
agreement. 

A person  applying  for  a job  should  pre- 
pare for  the  interview  by  learning  about  the 
company  and  its  hiring  practices. 


Terms  to  Know 


selection 

hiring 

a.  recruiting 

b.  selecting 

c.  inducting 
personnel  man 
personnel  department 
job  descriptio:ns 
hiring  hall 


referral  provisions 
proficiency  tests 
aptitude  tests 
applicant 
interview 
references 

a.  character 

references 

b.  former 

employer 

references 


Think  About  It! 


1.  Recruitment  practices  vary  for  different 
occupations  in  construction. 

a.  Name  several  ways  in  which  a con- 
struction contractor  may  recruit  job 
applicants. 

b.  What  is  the  purpose  of  a hiring  halll 

2.  To  select  the  best  person  for  a job,  a 
contractor  needs  to  know  many  things 
about  the  applicants. 

a.  What  questions  usually  are  asked  on 
job  application  blanksl 

b.  Why  does  the  employer  need  to  know 
the  answers? 

3.  An  induction  program  for  new  employees 
may  be  simple  or  complex. 

a.  Why  would  a contractor  want  a new 
worker  to  know  something  about  the 
whole  project? 

b.  What  kinds  of  rules  and  policies  does 
the  employee  need  to  know  about? 


Training  and 
Educating  for 
Construction 


It  takes  training  to  become  a good  baseball 
player.  You  must  first  learn  to  hit,  field,  and 
run  bases.  Then  you  must  practice  all  of 
those  tilings.  In  the  same  way,  there  are 
many  things  a person  who  works  in  construc- 
tion must  learn  if  he  is  to  do  his  job  well. 
In  order  to  become  a good  craftsman,  a 
carpenter  must  learn  to  saw,  assemble,  and 
fit  materials.  This  takes  training.  A worker 
also  needs  training  if  he  is  to  advance  to  a 
better  job.  If  a skilled  journeyman  carpen- 
ter wishes  to  become  a foreman,  he  must 
first  learn  how  to  supervise  the  work  of 
others. 


Fig.  26-1.  American  Indians,  especially  Mohawks,  have 
traditionally  become  ironworkers  and 
bridgemen,  putting  up  the  steel  for  many  of 
the  nation’s  great  structures.  . 


Groups  Requiring  Training 

There  are  three  major  groups  of  workers 
for  the  construction  industry:  (1)  those 

who  perform  management  tasks,  (2)  those 
who  work  on  production,  and  (3)  those  who 
perform  office  tasks.  Each  group  has  differ- 
ent training  needs. 

There  are  different  levels  and  kinds  of 
managers:  (1)  community  planners,  (2) 
draftsmen,  (3)  estimators,  (4)  contractors, 
(5)  supervisors  and  foremen,  (6)  architects, 
and  (7)  engineers.  Most  of  these  people  com- 
plete educational  programs  beyond  high 
school. 

Those  who  work  on  “production  carry  out 
the  plans  of  management,  Fig.^  26-1.  They 
are  responsible  for  doing  the  on-site  work 
necessary  for  the  successful  completion  of 
the  construction  project.  These  skilled 
craftsmen  have  many  different  specialties. 
For  example,  there  are  bricklayers,  elec- 
tricians, plumbers,  and  carpenters.  All  must 
first  complete  high  school  and  then  enter 
apprenticeship,  programs,  but  they  all  work 
together  to  complete  the  construction 
project. 

Those  who  perform  oj^ce  tasks  do  work 
which  is  much  like  that  found  in  any  office. 
Those  doing  this  work  include  telephone 
operators,  receptionists,  secretaries,  and 
payroll  clerks.  All  these  workers  keep 
records  and  provide  the  information  which 
is  needed  to  keep  construction  operations 
moving  smoothly.  Office  workers  usually  re- 
ceive their  education  and  training  in  pro- 
grams outside  the  construction  industry. 
Fig.  26-2. 
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Educating  Architects,  Engineers, 
and  Managers 

Architects  and  engineers  have  the  re- 
sponsibility of:  (1)  designing,  (2)  survey- 
ing, and  (3)  engineering  the  construction 
project.  Civil  engineers,  sanitary  engineers, 
and  architects  work  mainly  in  construction. 
There  are  also  aeronautical  and  industrial 
engineers  who  work  mainly  in  manufactur- 
ing. Electrical  and  mechanical  engineers 
work  in  both  construction  and  manufactur- 
ing, Fig.  26-3. 

To  gain  the  knowledge  and  skills  necessary 
to  do  designing  and  engineering  work,  they 
all  must  attend  college.  Usually  they  attend 
college  for  four  or  five  years.  During  this 
time  they  take  courses  in  mathematics, 
science,  and  in  areas  related  to  architecture 
or  engineering  such  as  drafting,  electrical 
circuit  design,  and  the  designing  of  founda- 
tions. To  graduate  from  an  architectural  or 
engineering  school,  students  must  generally 
have  a “C”  average.  Their  courses  are 
usually  very  difficult,  and  they  must  study 
and  attend  classes  regularly. 


Fig.  26-2.  A high  school  education  may  provide  you 
with  efficient  communication  skills  which  are 
essential  in  any  office. 


To  become  a successful  architect  or  engi- 
neering student,  it  is  not  enough  to  have 
intelligence  and  desire.  You  must  also  have 
a good  high  school  background,  including 
high  grades  in  mathematics  and  science, 
Fig.  26-4.  Without  this  background  your 
chances  of  being  accepted  into  a good  engi- 
neering school,  or  of  doing  well  in  such  a 
school,  are  slim. 

Although  each  engineering  school  sets  its 
own  background  requirements,  they  all  want 
similar  things.  A typical  engiiieering  school 
requires  that  the  following  subjects  be  taken 
in  high  school:  (1)  three  or  four  years  of 
mathematics,  (2)  three  or  four  years  of 
English,  (3)  one  or  two  years  of  industrial 
arts,  and  (4)  two  or  three  years  of  science. 
In  each  of  these  subjects,  the  higher  number 
of  years  is  preferred.  Usually  a “B”  grade 
average  is  necessary.  For  more  information 
about  these  programs  and  the  standards  for 
getting  into  a particular  engineering  school, 
speak  to  your  teacher  or  guidance  counselor. 

Many  architects  and  engineers  also  work 
as  managers  or  contractors,  and  many  ex- 
perienced tradesmen  become  supervisors  or 
contractors.  Some  managers  study  profes- 
sional construction  management  in  college 


Fig.  26-3.  These  civil  engineers  use  construction 


technology  in  solving  many  construction 
problems. 
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programs.  They  are  neither  engineers  nor 
tradesmen.  They  are  persons  who  plan,  or- 
ganize, and  control  the  actions  of  others  in 
the  construction  industry.  These  kinds  of 
managers  often  attend  commerce  colleges 
instead  of  engineering  schools.  There  are 
other  kinds  of  management  personnel  who 
attend  special  classes  to  become  surveyors 
or  estimators. 

Training  of  Production  Workers 

The  construction  industry  gets  production 
workers  from  four  main  sources:  (1)  out- 
siders who  have  little  skill  and  who  come 
into  the  industry  just  when  activities  are 
booming  and  unskilled  labor  is  needed,  (2) 
young  workers  who  come  into  the  trade  as 
helpers  or  laborers,  (3)  young  men  who 
wish  to  become  skilled  craftsmen  in  one  of 
the  building  trades,  and  (4)  the  pool  of 
skilled  workers  who  are  already  trained  and 
qualified,  but  who  may  have  been  learning 
new  skills  and  techniques.  Although  men 
from  all  four  sources  are  often  needed  as 
construction  workers,  it  is  necessary  to  be- 
come a skilled  craftsman  if  you  are  to  find 


Fig.  26-4.  These  future  engineers  are  gaining 

knowledge  about  strength  of  materials. 


permanent  and  rewarding  work  in  the  build- 
ing industry. 

Skilled  tradesmen  go  through  a training 
period  called  an  apprenticeship.  During 
their  apprenticeship,  the  young  trainee  or 
apprentice  is  given:  (1)  6,000  to  10,000 
hours  of  training  on  the  job  and  (2)  144 
hours  per  year  of  classroom  instruction 
which  will  help  him  to  become  a journeyman 
or  highly  skilled  building  trades  worker, 
Figs.  26-6  and  26-7. 

Both  labor  unions  and  contractors  work 
together  in  setting  up  apprentice-training 
programs.  These  programs  usually  require 
an  apprentice  to  be  between  17  and  25  years 
of  age  and  to  be  in  good  physical  condition. 
It  is  usually  necessary  to  have  a good  high 
school  education  in  mathematics  and  science. 
The  apprentice  should  also  be  handy  with 
tods  and  have  a mechanical  aptitude.  Each 
apprentice  is  graded  and  advanced  on  his 
own  progress. 

An  apprenticeship  program  is  usually 
supervised  by  a Joint  Apprenticeship  Com- 
mittee made  up  of  representatives  of  local 
employers  and  unions.  The  committee  has 
many  important  tasks  which  include:  (1) 


Fig.  26-5,  Both  managers  and  production  workers 
spend  time  in  independent  study  to  keep 
abreast  of  the  changing  technology. 
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deciding  how  many  apprentices  are  needed, 

(2)  deciding  what  standards  for  education, 
training,  and  experience  are  to  be  met, 

(3)  finding  out  what  employers  have  equip- 
ment and  other  things  needed  to  provide 
good  training,  (4)  settling  disputes  between 
employers  and  apprentices,  and  (5)  certi- 
fying the  apprentice  as  a journeyman  upon 
completion  of  the  course.  This  committee 
also  registers  apprenticeship  programs  with 
the  state  apprenticeship  agency  and  with 
the  United  States  Department  of  Labor’s 
Bureau  of  Apprenticeship  and  Training. 

Where  there  is  no  Joint  Apprenticeship 
Committee,  the  apprentice  may  make  an 
agreement  with  the  employer  or  the  employ- 
er’s agent.  Although  this  arrangement  may 
be  as  good  as  any,  it  does  have  some  risks. 
If  there  are  disputes  or  differences  between 
the  two  persons,  the  apprentice  does  not  have 
the  protection  of  the  committee.  Because 
training  and  grading  depend  only  on  one 
man,  the  apprentice’s  skills  may  not  be  up 
to  other  contractors’  standards. 

A young  man  who  is  interested  in  joining 
a building  trade  may  shorten  his  period 
of  apprenticeship  by  preapprenticeship  in- 


Fig.  26-6.  These  apprentices  spend  about  144  hours 
per  year  in  the  classroom  along  with 
on-the-job  training  before  becoming  highly 
skilled  journeymen. 


struction  in  high  school,  trade  school,  or 
junior  college.  (This  does  not  apply  to  all 
trades.)  If  he  does  well  in  subjects  related 
to  his  trade,  the  Joint  Committee  or  his 
employer  may  give  him  credit  for  this  train- 
ing. This  instruction  will  often  enable  him 
to  begin  his  apprenticeship  at  a higher  rate 
of  pay  than  others  who  start  without  this 
training.  If  you  want  to  know  more  about 
preapprenticeship  programs  and  appren- 
ticeship programs,  your  teacher  or  guidance 
counselor  will  help  you. 


Summary 

Training  is  important  in  the  construction 
industry.  It  enables  the  worker  to  do  his  job 
well  and  to  advance  to  a better  job.  There 
are  three  main  kinds  of  workers  in  the 
construction  industry:  (1)  those  who  man- 
age the  construction  project,  (2)  those  who 
carry  out  the  work  on  the  project,  and  (3) 
those  who  work  in  the  office. 

The  architect,  engineer,  and  contractor 
have  the  joint  responsibility  of  designing, 
engineering,  and  completing  the  construc- 
tion project.  They  are  usually  trained  in  a 
college,  university,  or  technical  institute. 

The  production  worker  is  responsible  for 
the  actual  construction  of  the  project.  He  is 
trained  under  an  apprenticeship  program. 


Fig.  26-7.  As  part  of  their  on-the-job  training,  these 
apprentices  are  learning  how  to  screed 
concrete. 
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This  program  is  from  three  to  five  years 
long  and  requires  on-the-job  training  and 
classroom  instruction.  The  program  is 
usually  operated  by  a Joint  Apprenticeship 
Committee  made  up  of  representatives  of 
local  employers  and  unions. 

Office  workers  usually  receive  their  train- 
ing outside  of  the  construction  industry. 
They  may  take  business  courses  in  high 
school  and/or  college. 


Terms  to  Know 


architect 

civil  engineer 

sanitary  engineer 

tradesmen 

trainee 

apprentice 

on-the-job  training 


community  planners 
draftsmen 
estimators 
contractors 
foremen 
supervisors 
Joint  Apprenticeship 
Committee 


.Graduate 

Education 


Apprenticeship 
Training 

—Journeyman 

Trade 
■Extension 
Training 


Think  About  It! 

1.  Name  several  jobs  in  each  of  these 
groups : 

a.  Managers 

b.  Prodtiction  workers 

c.  Office  workers 

2.  Which  of  these  people  work  mainly  in 
construction,  which  work  mainly  in  man- 
ufacturing, and  which  work  in  both? 

a.  Aeronautical  engineers 

b.  Architects 

c.  Civil  engineers 


d.  Electrical  engineers 

e.  Indttstrial  engineers 

f.  Mechanical  engineers 

g.  Sanitary  engineers 

3.  A skilled  craftsman  is  trained  in  an 

apprenticeship  program. 

a.  Who  sets  up  and  runs  this  kind  of 
training? 

b.  What  is  usually  required,  if  you  want 
to  become  an  apprentice  in  a construc- 
tion trade? 

c.  How  much  and  what  kinds  of  training 
are  required  to  become  a journeyman? 


Working 

Conditions 


How  well  a coach  and  a team  work  to- 
gether will  affect  the  game.  Each  member 
of  a football  team  must  do  his  part.  Because 
the  coach  pulls  together  the  actions  of  the 
team  members  and  tries  to  put  each  player 
in  the  position  where  he  does  his  best,  the 
team  must  also  work  with  the  coach.  A 
coach  can’t  win  a game  without  a team,  and 
a team  can’t  go  very  far  without  a good 
coach.  Each  is  important  to  the  success  of 
the  other.  The  employees  on  a construction 
job  and  their  employer  must  work  together 
like  a coach  and  the  players.  Each  one 
should  try  to  do  his  own  job  as  best  he  can. 
Figs.  27-1  and  27-2. 


Working  Rules 

Each  sport  has  rules  which  players  must 
follow.  It  is  the  same  way  in  the  construc- 
tion industry.  There  are  rules  for  the 
workers  and  for  the  employer.  These  rules 
cover  three  main  areas  of  work: 

1.  Physical  working  environment  (where 
the  work  is  done), 

2.  Social  working  environment  (the  other 
workers),  and 

3.  Economic  rewards  (the  worker’s  pay 
and  benefits  for  the  job  he  does). 

Although  the  physical  working  environ- 
ment is  som.ewhat  determined  by  the  job. 


Fig.  27-1.  Each  member  of  a football  team  plays 
according  to  rules  and  game  conditions. 


Fig.  27-2.  Construction  workers  also  agree  to  work 
under  certain  conditions  and  according  to 
certain  rules. 
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labor  and  management  may  work  together 
to  improve  such  things  as  the  safety  equip- 
ment, the  lighting,  or  dust  conditions.  Cer- 
tain conditions  cannot  be  changed.  In  con- 
struction work,  much  of  the  work  is  done 
outside  or  in  partly  enclosed  structures. 
Thus,  exposure  to  cold,  hot,  and  rainy 
weather  is  common.  However,  many  persons 
prefer  construction  work  because  it  is  out- 
of-doors. 

The  social  working  environment  refers  to 
many  things: 

1.  The  attitude  other  workers  have 
toward  each  other  and  their  own  job, 

2.  How  many  hours  a day  each  worker 
must  work, 

3.  What  after-hours  get-togethers  there 
are  (such  as  a company  bowling  team 
or  Christmas  party) . 

Economic  reioards  mean  more  than  the 
money  the  worker  receives.  The  fringe  ben- 
efits such  as  the  industry’s  insurance  pro- 
gram and  a paid  vacation  are  also  economic 
rewards.  Fig.  27-3. 

Construction  trades  offer  especially  good 
career  opportunities  for  those  who  are  not 
planning  to  go  to  college,  but  who  are  will- 
ing to  spend  several  years  learning  with 
pay.  Well-trained  construction  craftsmen 
can  find  jobs  in  all  parts  of  the  country. 
Generally,  their  hourly  wage  rates  are  much 
higher  than  those  for  most  other  manual 
workers.  Those  with  business  ability,  have 
a greater  opportunity  to  establish  their  own 
businesses  than  do  workers  in  other  skilled 
occupations.  Even  with  advances  in  tech- 
nology, employment  in  most  construction 
trades  has  expanded  during  the  past  30 
years,  and  it  is  still  growing.  See  Table  3-2, 
page  13. 


Setting  the  Rules 

The  working  rules  are  set  by  an  agree- 
ment between  the  employer  and  his  em- 
ployees. This  may  be  done  on  an  individual 
basis  or  on  a group  basis.  Today  most  such 
agreements  are  put  into  a formal  written 


contract  called  a collective  bargaining 
agreement.  Sometimes  workers  only  have 
a spoken  agreement.  They  may  even  work 
under  an  assumed  agreement.  If  an  em- 
ployer does  not  say  a workday  is  eight 
hours,  and  the  worker  only  works  eight 
hours,  the  agreement  is  understood  or 
assumed. 

If  there  is  a collective  bargaining  agree- 
ment, it  should  be  very  specific  and  cover 
all  items  of  importance,  as  the  hours  of 
work  are  in  this  statement  from  a typical 
agreement : 

Eight  hours  shall  constitute  a day  of 
work  and  shall  be  performed  between 
the  hours  of  7:00  a.m.  and  5:00  p.m., 
local  time  (8  hours  sometime  within  this 
10-hour  period)  with  one-half  hour  off 
for  lunch  between  11:00  a.m.  and  12:30 
p.m.,  (one-half  hour  sometime  within  this 
hour  and  a half  period)  Monday  through 
Friday. 

It  is  important  that  each  point  that  might 
cause  a conflict  between  labor  and  manage- 
ment is  written  into  the  agreement. 


Fig.  27-3.  Fringe  benefits  mean  such  things  as  vacations 
which  the  whole  family  will  enjoy. 
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Most  working  conditions  are  set  by  nego- 
tiations. The  worker  and  the  employer  both 
compromise  (give  in)  so  that  both  can  be 
satisfied.  If  an  agreement  can’t  be  reached 
this  way,  an  outsider  may  be  called  in  to 
help  settle  the  problem. 


Summary 

There  are  rules  for  the  world  of  work 
just  as  there  are  for  football.  The  way  em- 
ployees and  employers  follow  the  rules  helps 
make  construction  a success  or  a failure. 
Working  conditions  or  rules  are  agreed  to 
by  labor  and  management.  If  they  cannot 
agree,  an  outsider  may  be  called  on  to  help 
them  agree  or  to  settle  the  problem  for 
them. 


Terms  to  Know 

physical  working 
environment 
social  working 
environment 
economic  rewards 
fringe  benefits 


Think  About  It! 

1.  Your  classroom  is  your  physical  working 
environment  for  many  hours  each  week. 

a.  What  parts  of  your  physical  environ- 
ment in  the  classroom  cannot  be 
changed? 

b.  Suggest  some  ways  of  improving  the 
physical  environment  in  your  school. 

2.  The  other  students  and  the  activities 
they  share  with  you  are  part  of  your 


negotiations 
collective  bargaining 
agreement 
spoken  agreement 
assumed  agreement 
compromise 
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social  working  environment.  How  do 
group  activities  help  you  with  your  main 
job  in  school — which  is  getting  an  edu- 
cation? 

3.  The  main  reward  for  working  in  school  is 
a good  education.  However,  many  fringe 
benefits  are  available  to  students. 

a.  What  tickets  for  sports  events  or  en- 

tertainment can  you  buy  at  student 
rates  ? y 

b.  Does  the  school  pro|vide  equipment  for 
playing  after-school  sports? 


. i 


J o ... 


V 


I?; 


fc; 


I 


Construction  advancement  practices  are 
important.  They  affect  what  kinds  of  em- 
ployees are  attracted  to  work  in  construc- 
tion. The  ambitious  person  wanting  a job 
will  choose  the  company  that  uses  the  best 
advancement  practices.  These  people  will 
probably  be  the  best  workers. 

Advancement  practices  also  affect  the 
employers.  An  employee  who  is  unhappy 
with  his  position  often  has  low  morale  and 
may  not  do  his  work  as  well  as  if  he  felt 
good  about  his  position  and  his  company. 
If  a worker  is  very  unhappy,  he  may  fi- 
nally quit  his  job.  When  a great  number  of 
employees  are  unhappy  in  an  organization, 


Advancing  in 
Construction 


there  is  usually  a high  percentage  who  quit. 
Poorer  quality  work  will  probably  result 
from  those  who  stay.  It  costs  industry 
money  to  hire  new  employees  and  train 
them  to  replace  those  who  quit.  Fig.  28-1. 

There  are  many  differences  in  the 
advancement  practices  of  individual  em- 
ployers. These  practices  also  vary  in  differ- 
ent parts  of  the  country.  The  amount  of 
money  available  to  pay  workers  and  how 
many  workers  need  jobs  both  have  an  effect 
on  advancement  practices.  As  a result,  it  is 
hard  to  give  any  common  guidelines  about 
general  advancement  practices.  Wherever 
you  are,  though,  the  person  with  the  best 


Fig.  28-1.  Good  employee  relationships  result  in 
happy,  productive  employees. 


Fig.  28-2,  Here  is  a foreman  who  is  in  charge  of  a 
construction  crew. 
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training  and  qualifications  has  the  best 
chance  of  advancing. 


Career  Progression 

Career  progression  is  the  normal  advance 
because  of  promotions,  special  knowledge, 
or  job  experience.  Job  changes  are  directly 
related  to  and  depend  upon  advancement 
practices.  There  is  both  positive  and  nega- 
tive career  progression.  Positive  progres- 
sion is  movement  upward.  This  means  either 
going  up  in  job  position  or  receiving  an 
increase  in  wages  or  both.  Negative  pro- 
gression is  moving  downward.  This  means 
a lowering  of  job  position  or  having  wages 
decreased  or  both.  In  addition  to  positive 
and  negative  progression,  a person  may  also 
move  along  at  the  same  job  level  and  at  the 
same  pay.  This  is  called  lateral  progression. 

In  the  construction  industry,  a person  can 
advance  in  many  ways.  A craftsman  may 
become : 

1.  A foreman  in  charge  of  a crew  (Fig. 
28-2),  or 

2.  An  estimator  for  a contractor,  or 

3.  A project  superintendent,  or 

4.  An  instructor  or  teacher  of  vocational 
and  trade  classes,  or 

6.  A salesman  for  building  supply  com- 
panies, or 

6.  A contractor. 


Career  Patterns 

There  is  no  way  to  show  all  of  the  oppor- 
tunities that  might  be  open  to  you  in  the 
construction  industry.  There  are  far  too 
many  job  possibilities  to  include  them  all 
here.  You  may  get  a very  rough  idea  of 
how  an  individual  might  move  up  in  a com- 
pany by  studying  some  of  these  common 
progressions : 

1.  high  school  graduate  / apprentice  / 
journe3nman  / foreman  / job  superin- 
tendent / general  superintendent  / esti- 
mator 


2.  technical  school  graduate  / assistant 
expediter  / expediter  / purchasing 
agent  / vice  president 

3.  technical  school  graduate  / assistant 
engineer  / job  superintendent  / general 
superintendent  / vice  president 

4.  college  graduate  / junior  estimator  / es- 
timator / engineer  / business  solicitor  / 
partner 

6.  college  graduate  / engineer  / job  super- 
indendent  / vice  president  / president 

6.  high  school  graduate  / apprentice  / 
journeyman  / grievance  man  / business 
agent  / union  president 

Kinds  of  Advancement  Practices 

Advancement  practices  are  those  which 
result  in  worker  movement  within  an  or- 
ganization. There  are  four  major  kinds  of 
practices : 

1.  Promoting  is  moving  to  a higher  job 
with  an  increase  in  responsibility,  and 


Fig.  28-3.  Many  small  contractors  have  their  o'A^n 
^businesses  and  operate  with  small  cre'A^s. 
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/or  knowledge  needed,  and/or  ability 
needed.  The  new  job  may  or  may  not 
mean  more  pay. 

2.  Demoting  is  moving  to  a lower  job  with 
less  responsibility,  and/or  knowledge 
needed,  and/or  ability  needed.  It  may 
or  may  not  mean  less  pay.  It  is  often 
only  temporary. 

3.  Transferring  is  moving  to  another  job 
of  the  same  level  and  pay.  The  re- 
sponsibility, knowledge,  and  ability 
needed  are  much  the  same  as  that  in 
the  job  held  before.  Transferring 
happens  when  an  employer  has  an 
opening  to  be  filled  or  when  an  em- 
ployee would  be  happier  in  a new  job. 

4.  Separating  is  discharging,  relocating, 
laying  off,  or  retiring.  Discharging 
means  firing.  Relocating  is  changing 
an  employee  to  a work  site  which  is 
often  far  away  from  the  place  where 
he  has  been  working.  Laying  off  is  the 
temporary  release  of  an  employee 
during  a cutback  in  the  number  of 
workers.  Lack  of  work,  breakdown  of 
equipment,  and  bad  weather  are  a few 
of  the  many  reasons  for  laying  off 
workers.  Retiring  means  that  older 
workers  must  quit  when  they  reach  a 
certain  age.  Most  companies  set  an 
age  limit  beyond  which  employees  are 
not  permitted  to  work  for  the  company. 


Effects  of  Advancement 

Many  things  happen  as  a result  of  ad- 
vancing on  the  job.  Promotion  usually 
means  more  pay.  One’s  income  determines 
the  goods,  services,  and  luxuries  that  an 
employee  and  his  family  can  enjoy. 

In  addition  to  the  economic  effects  of  ad- 
vancing, there  are  social  effects.  People 
tend  to  have  friends  who  have  jobs  at  much 
the  same  level  they  do  and  who  earn  about 
the  same  amount  of  money.  It  is  often  con- 
sidered to  be  poor  management  practice  for 
those  in  high  positions  to  get  together  so- 
cially with  the  persons  they  supervise. 
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Therefore,  advancing  often  causes  a change 
in  social  status  and  prestige.  For  example, 
a shop  worker  is  made  a foreman.  He  will 
probably  make  new  friends  and  give  up  old 
ones  because  of  his  new  job  position.  When 
job  advancement  means  moving  to  a new 
place,  the  social  effects  are  even  greater. 
New  community  ties  must  be  made,  schools 
must  be  changed,  and  new  friendships  are 
made  by  all  family  members. 

In  addition  to  the  economic  and  social 
effects  of  advancement,  a person  often 
changes  within  himself.  A promotion,  espe- 
cially when  it  is  given  because  a person 
does  very  good  work,  gives  the  person  con- 
fidence, a sense  of  accomplishment,  and  a 
better  feeling  about  his  own  worth.  Ambi- 
tion to  get  ahead  and  to  do  the  best  job 
possible  often  develops  within  a person  af- 
ter he  has  been  promoted.  Also,  his  attitude 
toward  his  job  may  be  changed  from  that  of 
unhappiness  to  that  of  satisfaction. 


Fig.  28-4.  A college  graduate  engineer  discusses 
plans  with  a job  superintendent. 
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We  have  given  only  a few  of  the  effects 
of  advancement.  There  are  many  more 
P9ssible  effects.  Advancement  concerns  not 
only  the  employer  and  the  worker,  but  also 
the  worker’s  family,  the  community,  and 
the  whole  society  of  which  he  and  his  family 
are  a part. 


Summary 

Advancement  practices  are  very  impor- 
tant in  industry.  They  may  affect  an  em- 
ployer’s hiring  and  recruiting  program, 
because  many  persons  wanting  jobs  consider 
an  employer’s  advancement  practices  when 
choosing  a company  for  which  to  work.  In 
addition,  an  employer  must  think  about  what 
advancement  plans  he  has  for  a person  he 
hires.  Poor  advancement  practices  may  lead 
to  poor  employee  morale  and  turnover 
problems. 

A worker’s  career  progression  depends 
upon  advancement  practices.  Progression  is 
any  movement  within  a person’s  work  life. 


Fig.  28-5.  A person’s  salary  determines  the  goods, 


services,  and  luxuries  that  his  family  can 
enjoy. 
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There  are  three  kinds  of  progression:  (1) 
positive,  (2)  negative,  and  (3)  lateral. 

There  are  four  kinds  of  advancement 
practices:  (1)  promoting,  (2)  demoting, 
(3)  transferring,  and  (4)  separating.  Re- 
tiring may  be  considered  to  be  a special 
and  permanent  form  of  advancement  prac- 
tice. The  advancement  of  the  worker  in  his 
job  is  very  important  to  his  satisfaction  on 
the  job.  In  addition,  advancement  has  edu- 
cational, social,  individual,  and  economic 
effects.  Fig.  28-5. 


Terms  to  Know 

advancement 

morale 

career  progression 

a.  positive 

progression 

b.  negative 

progression 

c.  lateral 

progression 

turnover 


Think  About  It ! 

1.  Compare  promotion  on  a job  with  promo- 
tion to  a higher  grade  level  in  school. 

a.  How  are  ambition  and  hard  work  in- 
volved in  both  school  and  job  advance- 
mertl 

b.  How  is  promotion  to  a foreman’s  job 
different  from  promotion  to  the  eighth 
grade?  (Give  several  differences.) 

2.  Explain  discharging,  relocating,  and  lay- 
ing off. 

3.  What  would  you  want  to  know  about  the 
advancement  practices  of  a construction 
firm  if  you  were  looking  for  a permanent 
job? 


community  ties 
advancement 

practices 

a.  promoting 

b.  demoting 

c.  transferring 

d.  separating 
prestige 
competition 
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Construction 

Production 

Technology 


You  have  learned  that  the  construction 
industry  is  a managed  production  system. 
During  the  past  several  weeks, 

1.  You  have  been  studying  the  management 
practices  of  planning,  organizing,  and 
controlling  the  work  to  be  done,  Fig.  29-1. 

2.  You  have  learned  that  every  construc- 
tion project  begins  with  a want  or  need. 
To  satisfy  this  need,  certain  things  must 
be  done: 

a.  The  goals  must  be  decided  upon, 

b.  The  design  must’be  created, 

c.  The  organization  munt  be  set  up,  and 

d.  Controls  must  be  set  up  to  insure  that 
the  goals  of  the  project  will  be  met. 

3.  You  have  also  learned  how  bids  are  pre- 
pared and  contracts  made. 

4.  Most  recently,  you  have  studied  the  per- 
sonnel practices  used  in  construction. 


It  is  at  this  point  in  the  construction  story 
that  the  production  of  the  product  begins. 
Now,  and  for  the  next  several  months,  you 
will  be  studying  the  practices  of  produc- 
tion. During  this  time,  you  will  take  part  in 
many  of  these  practices  and  develop  some 
beginning  skills  in  the  using  of  tools  and 
materials  of  construction.  As  a result,  you 
should  have  a better  understanding  of  the 
skill  and  ability  of  skilled  construction 
workers.  You  should  be  able  to  understand 
how  your  man-made  surroundings  have 
been  produced  on  a construction  site. 


Production 

Producing  any  material  object,  whether  it 
is  done  on  a site  or  in  a plant,  means  to 


Fig.  29-1.  This  structure  could  not  be  erected  if  it 


were  not  for  planning,  organizing,  and 
controlling. 
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Fig.  29-2.  These  men  are  storing  materials  on  the 
site  to  be  used  when  needed. 
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change  the  materials  to  increase  their 
value.  All  raw  materials  are  either  grown  or 
are  taken  from  nature.  Industrial  produc- 
tion is  the  changing  of  these  raw  materials 
into  something  which  has  more  value  for 
the  buyer.  One  of  the  reasons  why  the 
United  States  has  become  the  wealthiest 
nation  in  the  world  is  that  we  have  had  the 
ability  to  change  the  raw  materials  of  the 
land.  These  practices  of  changing  materials 
are  called  industrial  production  technology. 
Construction  production  technology  is  that 
group  of  practices  which  are  used  to  change 
niaterials  on  a site. 

To  learn  about  these  production  practices, 
it  will  be  helpful  to  learn  how  to  classify 
them.  All  production  practices  may  be  clas- 
sified into  three  divisions:  preprocessing, 
processing,  and  postprocessing.  Each  of 
these  major  divisions  of  production  prac- 
tices has  a more  detailed  set  of  classifica- 
tions within  it. 


Preprocessing  Materials 

Producing  material  goods  may  be  thought 
of  as  processing  materials.  However,  before 
materials  can  be  processed,  they  have  to  be 
prepared.  This  preparation  (or  getting  ma- 


Fig. 29-3.  A piece  of  wood  is  changed  by  separating. 


terials  ready  for  processing)  is  called 
preprocessing. 

Preprocessing  involves  practices  of: 

1.  Receiving, 

2.  Handling, 

3.  Storing,  and 

4.  Protecting. 

These  practices  also  go  on  throughout  the 
production  period.  Fig.  29-2. 

Not  all  the  materials  needed  to  construct 
a building  arrive  at  the  site  at  the  beginning 
of  the  project.  They  arrive  at  the  various 
times  when  they  are  needed.  When  the  ma- 
terials arrive  at  the  site,  thQ^  must  be  re- 
ceived and  counted  and  moved  to  the  exact 
point  where  they  will  be  used.  Sometimes 
they  need  to  be  stored  until  they  are  used. 
At  all  times  they  must  be  protected  from 
loss  or  damage. 

Processing  Materials 

Select  an  object  and  try  to  think  of  what 
practices  were  used  to  produce  it.  Did  the 
producer  have  to  cut  the  raw  material  ? If 


Fig.  29-4.  Ceiling  tile  is  installed  by  combining 
different  materials. 
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Fig.  29-5.  Electrical  metallic  tubing  being  formed 
during  installation. 


Fig.  29-6.  A lawn  must  be  maintained  by  periodic 
mowing. 


he  did,  he  was  separating  materials.  Did  the 
producer  have  to  mix  materials  together? 
If  so,  he  was  combining  materials.  Did  he 
have  to  bend  the  materials?  If  this  is  true, 
he  was  forming  the  materials.  If  you  take  a 
piece  of  paper  in  your  hands,  what  can  you 
do  to  change  it?  You  can  rip  (separate)  it 
into  pieces.  You  can  also  pick  up  another 
piece  of  paper  and  staple  the  pieces  to- 
gether (combine).  You  can  fold  (form)  the 
paper.  Therefore,  you  can  change  materials 
by:  (1)  separating  (taking  away  from  the 
materials).  Fig.  29-3;  (2)  combining  (add- 
ing to  the  materials),  Fig.  29-4;  or  (3) 
forming  (changing  the  arrangement  of  the 
materials),  Fig.  29-5. 

Often  these  operations  are  used  in  com- 
bination. For  example,  in  building  forms  for 
concrete,  the  materials  are  cut  to  length 
(separated),  then  fastened  together  (com- 
bined), and  may  be  bent  to  form  a rounded 
shape  (formed).  Fig.  29-5. 


Postprocessing 

The  life  of  a product  does  not  end  with 
its  processing.  Many  times  a new  part  has  to 
be  installed.  Almost  always  it  has  to  be 
maintained.  Sometimes  the  product  must  be 
repaired,  and  sometimes  it  has  to  be  altered. 
All  of  the  practices  of  installing,  maintain- 
ing, repairing,  or  altering  are  done  after 
processing.  These  practices  are  called  post- 
processing. More  commonly,  they  are  called 
servicing. 

The  servicing  of  a home  is  a good  example 
of  postprocessing  practices.  A home  has  to 
be  maintained  in  many  ways  by:  (1)  peri- 
odically washing  the  windows;  (2)  mowing 
the  lawn.  Fig.  29-6;  (3)  waxing  the  floors; 
(4)  repairing  parts  of  the  home;  or  (6)  by 
adding  a television  antenna  or  a room.  The 
skill  and  knowledge  needed  for  postprocess- 
ing are  much  the  same  as  those  needed  for 
processing.  There  is  little  difference  between 
putting  in  a window  pane  the  first  time  the 
home  is  built  and  replacing  it  a second 
time.  This  is  also  true  for  adding  on  a room. 
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The  same  practices  are  used  for  doing  this 
as  were  used  to  build  the  original  structure. 

You  will  recall  that  manufacturing  is 
done  in  a plant  which  is  away  from  the 
construction  site.  The  product  is  then  taken 
to  the  place  where  it  will  be  used,  Fig.  29-7. 
Construction  is  built  and  used  in  the  same 
place.  Construction  may  even  he  defined  as 
the  assembling  of  raw  materials  and  manu- 
factured products  on  a site.  Construction 
production  and  manufacturing  production 
are  similar  in  that  both  involve  preprocess- 
ing, processing,  and  postprocessing.  How- 
ever, they  do  differ  in  the  ways  these 
activities  are  carried  out.  For  example, 
earthmoving  is  a production  practice  of  con- 
struction but  not  of  manufacturing.  Can  you 
think  of  other  examples?  See  Figs.  29-8  and 
29-9. 


The  Construction  Story 

In  the  construction  of  any  item,  there  is  a 
series  of  steps  to  be  followed.  During  the 
next  few  weeks  you  will  be  studying  and 
developing  skills  in  the  order  in  which  they 
are  used. 


Fig.  29-7.  Timber  has  been  changed  into  lumber 

which  is  used  in  making  laminated  wooden 
beams. 


You  should  remember  that  all  construc- 
tion practices  follow  the  same  general 
procedure : 

1.  The  site  must  be  prepared. 

2.  The  foundation  is  set. 

3.  The  superstructure  is  built. 

4.  The  plumbing,  heating,  and  air  condi- 
tioning are  installed. 


Fig.  29-8.  This  equipment  is  manufactured  but  is  used 
in  construction. 


Fig.  29-9.  Which  of  the  items  in  this  picture  are 

constructed  and  which  are  manufactured? 
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5.  The  superstructure  is  enclosed. 

6.  The  surfaces  are  finished. 

7.  The  grounds  are  landscaped. 

1.  Preparing  the  site.  To  prepare  the  site, 
it  has  to  be  cleared  of  all  unwanted  ob- 
jects, Fig.  29-10.  After  the  site  has  been 
cleared,  and  sometimes  during  the  time 
the  site  is  being  cleared,  temporary  shel- 
ters are  built  and  temporary  utilities  such 
as  water  and  electricity  are  installed. 
Once  the  site  has  been  cleared  and  the 
temporary  facilities  have  been  set  up,  the 
site  is  surveyed  to  locate  where  the 
structure  will  be.  Earthmoving  is  the  last 
step  in  site  preparation.  Fig.  29-11. 

2.  Setting  the  foundation.  After  the  site 
has  been  prepared,  the  foundations  or 
substructures  (part  below  ground)  are 
set.  Fig.  29-12.  Substructures  are  the 
bearing  surfaces,  footings,  foundation 
walls,  or  piers. 

3.  Building  superstructures.  When  the  sub- 
structures are  completed,  superstruc- 
tures (part  above  ground)  are  built. 
Superstructures  rest  upon  the  substruc- 
tures. The  skeleton  of  a superstructure 
is  set  up  first. 

4.  Installing  utilities.  Then  plumbing,  wir- 
ing, heating,  and  cooling  systems  are 
installed. 

5.  Enclosing  the  superstructure.  If  the 
structure  is  a building,  the  superstruc- 
ture must  then  be  enclosed.  This  is 
usually  done  by  attaching  panels  of  wood, 
steel,  or  glass  to  the  skeleton  or  by  en- 
closing the  framing  with  brick  or  stone. 

6.  Finishing  the  surfaces.  Next,  the  sur- 
faces of  the  structure  which  need  it  are 
finished.  This  is  the  attaching  of  the 
final  surface  coatings  and  trim,  and 
painting  and  decorating. 

7.  Landscaping  the  site.  Finally,  temporary 
facilities  are  removed,  and  the  landscap- 
ing is  completed.  Fig.  29-13. 

After  the  constructed  product  is  com- 
pleted, provisions  are  made  for  servicing  it. 

That  is,  the  practices  used  in  constructing 


Fig.  29-10.  This  equipment  is  preparing  the  site  by 
removing  unnecessary  buildings. 


Fig.  29-11.  This  equipment  is  used  to  remove  earth  in 
site  preparation. 


Fig.  29-12.  This  is  a substructure  showing  the 
foundation  wall. 
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may  be  used  again,  when  necessary,  to  keep  materials  and  servicing  them).  For  the  next 

the  structure  in  good  condition.  Under-  several  weeks,  you  will  be  studying  and 

standing  this  general  procedure  in  construe-  using  construction  production  technology 

tion  will  make  it  possible  for  you  to  according  to  the  general  sequence  (order) 

understand  each  construction  practice  re-  which  is  followed  in  the  construction 

gardless  of  whether  the  product  is  a industry, 

building,  a highway,  or  a dam. 

Terms  to  Know 

Summary  ^ 

production 

Industry  changes  the  form  of  materials  industrial 
by;  (1)  combining,  (2)  forming,  and  (3)  production 
separating  them.  The  knowledge  of  how  to  technology 
work  these  changes  is  called  industrial  pro-  construction 

duction  technology.  In  actual  construction  production 

and  manufacturing,  production  technology  technolop^ 

often  requires  using  combinations  of  these  raw  materials 

three  major  ways  of  changing  the  form  of  preprocessing 

materials  to  complete  common  tasks.  a.  receiving 

Production  often  requires  combinations  b.  handling 

of  combining,  forming,  and  separating  c.  storing 

material.*}  in  preprocessing  (getting  ready  d.  protecting 

to  produce),  processing  (producing  the  ma- 
terials), and  postprocessing  (using  the 


processing 

a.  separating 

b.  combining 

c.  forming 
postprocessing 

a.  installing 

b.  maintaining 

c.  repairing 

d.  altering 
temporary  shelters 
temporary  utilities 
excavated 
substructure 
superstructure 


Think  About  It! 


Fig.  29-13.  These  men  are  landscaping  a site. 


1.  Even  before  a structure  is  begun,  ma- 
terials start  arriving  at  the  construction 
site.  Other  materials  arrive  later. 

a.  What  kinds  of  preprocessing  do  these 
materials  go  through  ? 

b.  Why  does  a contractor  not  want  all 
the  materials  delivered  to  the  site  at 
one  time? 

2.  Changing  the  materials  in  a factory  or  at 
a construction  site  is  called  processing. 
Name  some  materials  that  are  processed 
by: 

a.  Separating  (making  smaller  pieces 
from  a large  piece  or  taking  some 
away  from  a piece) . 

b.  Combining  (putting  together  two 
pieces  of  the  same  material  or  put- 
ting one  material  with  another). 

c.  Forming  (changing  the  shape  without 
adding  anything  or  taking  anything 
away). 


J.  / o 


Once  the  contract  is  given  to  the  contrac- 
tor, he  must  plan  to  move  men,  materials, 
and  equipment  to  the  site.  This  lesson  tells 
about  the  diflferent  steps  taken  to  get  the 
project  started  on  the  site. 


Following  Laws 

In  most  construction  areas,  there  are 
many  laws  that  a contractor  must  follow. 
It  is  important  for  him  to  know  these  laws 


Fig.  30*1.  A "No  Parking"  meter  bag  is  placed  over 
a meter  near  or  at  the  construction  site 
so  that  the  space  can  be  used  for  loading 
and  unloading  materials. 


Getting  Ready 
to  Build 


before  he  begins  to  plan  the  project.  He 
must  follow  the  laws  carefully  from  the 
beginning  to  the  end  of  the  project.  These 
laws  may  be  national,  state,  county,  town- 
ship, or  city  laws. 

An  example  of  national  laws  is  one  which 
requires  all  employers  to  keep  many  rec- 
ords on  their  business  operations  and  on 
their  employees.  State  projects  must  follow 
state  laws.  For  example,  states  may  have 
laws  which  say  who  can  and  cannot  qualify 
as  an  engineer,  architect,  or  contractor. 

Cities  and  townships  have  many  regula- 
tions and  laws  that  apply  to  anyone  con- 
structing in  their  areas.  For  example,  often 
there  are  zoning  laws  which  limit  what  can 
be  built  in  each  area  of  the  city.  The  major 
city  zones  are:  (1)  single  family  housing, 
(2)  multiple  family  housing  (apartment 
building),  (3)  general  shopping  areas,  (4) 
commercial  areas,  (5)  light  industrial 
areas,  and  (6)  heavy  industrial  areas. 
Some  areas  also  have  added  restrictions 
such  as : (1)  minimum  size  of  lot,  (2)  maxi- 
mum size  of  building  unit  per  lot,  (3)  maxi- 
mum height  of  building,  and  (4)  minimum 
floor  space. 

To  make  sure  that  each  project  follows 
the  laws  for  a certain  site,  city  laws  often 
require  that  a building  permit  (license)  be 
obtained  for  any  project  costing  over  $250. 
This  permit  must  be  posted  in  a place  on 
the  site  for  authorities  and  the  public  to 
see.  A building  permit  is  even  needed  for 
making  additions  or  alterations  to  existing 
projects. 

Sometimes  large  and  heavy  equipment 
must  be  moved  to  a site.  Special  plans  have 
to  be  made  with  the  highway  departments 
or  police  so  that  the  equipment  may  travel 
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on  the  roads.  Many  streets  and  highways 
are  limited  to  certain  loads.  Only  under 
special  agreement  is  the  contractor  allowed 
to  move  heavy  equipment  over  these. 

Many  of  you  may  have  seen  brown  bags 
covering  parking  meters  at  construction 
sites  in  cities,  Fig.  30-1.  Local  police  have 
given  permission  for  the  contractor  to  use 
these  spaces  to  unload  or  load  materials  at 
the  construction  site.  This  permit  must  be 
clearly  displayed  in  the  contractor’s  office. 


Keeping  Safe  and  Protected 

In  all  phases  of  construction,  safety  and 
protection  are  very  important.  There  must 
be  safety  and  protection  of:  (1)  the  general 
public.  Fig.  30-2;  (2)  workers.  Fig.  30-3; 
(3)  property  close  to  the  site;  (4)  the  site 
itself.  Fig.  30-4;  and  (6)  equipment  and 
materials.  This  responsibility  is  not  taken 
lightly  by  a contractor.  Most  contractors 
have  insurance  against  accidents  and  other 
problems  which  may  come  about  on  a con- 
struction site.  However,  they  still  must  rely 


Fig.  30-2.  Pedestrians  are  protected  from  falling 
material  by  a sidewalk  canopy. 


on  their  good  judgment  in  seeing  that  they 
and  their  subcontractors  take  all  possible 
steps  to  avoid  accidents  or  other  safety 
problems. 

The  best  site,  as  far  as  protection  is  con- 
cerned, is  a place  which  is  cut  off  from  the 
outside.  At  any  site  there  is  always  the 


Fig.  30-3.  A construction  worker  wears  a helmet  for 
protection. 


Fig.  30-4.  Wire  mesh  fence  is  used  to  control 
trespassing  on  the  site. 
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danger  of  having  material  and  equipment 
stolen.  To  keep  this  from  happening  and  to 
better  control  the  entry  and  exit  of  ma- 
terials, equipment,  and  workers  to  and  from 
the  area,  walls  or  fences  are  put  around  the 
site  and  traffic  may  move  only  through 
certain  gates.  Then  a count  can  be  kept  of 
what  goes  in  or  leaves  the  site.  Also,  un- 
wanted visitors  can  be  kept  from  entering 
the  site.  At  certain  sites  where  workers 
must  wear  protective  clothing,  eye  glasses, 
or  helmets,  the  safety  materials  can  be 
checked  at  the  gates. 

Protecting  neighboring  property  is  very 
important  in  any  project.  When  structures 
or  valuable  natural  growth  are  on  property 
next  to  the  site,  steps  must  be  taken  so  that 
the  project  works  will  not  harm  them.  If 
digging  exposes  neighboring  walls  nr  soil, 
they  must  be  protected  by  shoring  of  brac- 
ing to  keep  them  from  sagging  or  collapsing. 
If  there  is  any  damage  to  the  property 
around  the  project,  such  as  the  breaking  of 
curbs  or  sidewalks,  this  is  repaired  by  the 
contractor. 


Getting  to  the  Site 

In  most  cities,  existing  streets  are  used 
to  get  to  the  site.  In  rural  areas,  the  con- 


Fig. 30-5.  The  arrows  point  to  shelters  used  on  a 
construction  site. 


tractor  sometimes  must  build  his  own  roads 
to  get  to  the  site. 

Within  the  project,  sometimes  walkways, 
usually  made  of  wood,  are  built  for  the 
workers  and  visitors  to  use.  They  help  be- 
cause almost  all  sites  are  bare  earth.  Since 
sites  are  not  protected  from  rain,  persons, 
must  walk  through  mud  to  their  jobs  unless 
these  walkways  are  made. 


Providing  Temporary  Facilities 

Depending  on  the  size  and  kind  of  a new 
project,  shelters  may  be  made  on  the  site 
for:  (1)  construction  materials,  (2)  equip- 
ment, (3)  offices,  (4)  sanitary  facilities, 
(5)  laboratories,  (6)  maintenance  shops, 
and  (7)  many  other  things.  These  tempo- 
rary facilities  are  required  at  the  sites  for 
large  bridges,  dams,  airports,  defense  in- 
stallations, and  other  projects  which  take 
months  to  build.  See  Fig.  30-6. 

Weather  can  cause  serious  problems  in 
any  construction  project.  Protecting  work- 
ers, materials,  and  equipment  from  weather 
is  a must.  At  most  sites,  temporary,  over- 
head shelters  are  built.  To  protect  equip- 
ment and  materials,  tents,  canvas,  or  plastic 
covers  often  are  used. 


Fig.  30-6.  A truck  trailer  is  used  for  storing  and 
protecting  material. 
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In  most  projects  of  any  size,  each  trade 
group  (heating  and  ventilating  workers, 
plumbers,  electricians,  steel  workers,  car- 
penters) needs  its  own  office  and  storage 
areas.  Many  of  the  shelters,  especially 
those  for  offices,  are  prefahncated  (built 
in  sections)  and  put  together  at  the  site. 
Trailers  are  very  popular  because  they  can 
be  easily  taken  from  site  to  site.  Trailers 
often  house  the  tools  and  equipment  needed 
by  the  different  craftsmen.  They  are 
brought  to  the  site  and  put  out  of  the  way 
of  the  work  going  on.  Then  they  are  jacked 
up  and  blocked  in  place.  Fig.  30-6. 

The  contractor  may  use  a trailer  for  of- 
fices for  his  superintendents,  foremen,  en- 
gineers, or  the  supervising  architect.  The 
timekeepers  and  the  storekeepers  also  need 
places  where  they  can  work.  Fig.  30-7. 

Temporary  shelters  must  all  be  planned. 
In  cases  where  the  project  is  in  the  middle 
of  a city  and  construction  takes  most  of  the 
site  space,  the  local  government  or  police 
may  be  asked  to  give  permits  so  that  parts 
of  the  street  may  be  blocked  for  storage 
and  office  space.  Where  there  is  little 
space,  some  of  the  craftsmen  will  not  come 
to  the  job  until  the  foundations  and  the 
basement  or  first  floor  are  partly  com- 
pleted. They  may  then  use  these  areas  for 
offices  and  storage. 


Fig.  30-7.  A house  trailer  is  used  as  an  office  on  a 
construction  site. 


Providing  Utilities 

Electricity  is  needed  not  only  for  lights 
but  also  to  run  pumps  and  shop  equipment. 
To  get  the  needed  electricity,  power  lines 
are  brought  into  the  site,  or  a generating 
plant  is  set  up  on  the  site.  Usually,  power 
lines  are  close  to  any  construction  area. 

Telephones  or  radios  are  a must  at  all 
projects  of  any  size.  These  are  put  at  a cen- 
tral location.  Portable,  two-way  radios  are 
a great  help  on  projects.  The  foreman,  the 
superintendent,  project  engineers,  and  the 
offices  can  all  be  connected  by  radio.  Even 
workers  directing  heavy  equipment  can  do 
this  by  two-way  radio.  Fig.  30-9. 

Water  is  needed  at  any  project.  It  is  used 
for  sanitation,  construction  work,  and  drink- 
ing. It  is  needed  for  fire  protection,  mixing, 
cleaning,  water-cooled  equipment,  and  for 
many  other  things.  Water  lines  can  be 
brought  to  the  site  from  nearby  water 
mains.  When  these  are  not  near,  water 
tanks  on  trucks  can  be  used.  In  many  re- 
mote areas,  pumping  stations  are  placed 
near  rivers  or  lakes  to  bring  water  to  the 
project.  In  other  cases,  water  wells  are  dug 
close  to  the  site.  When  the  contractor  gets 


Fig.  30-8.  Utilities  and  fresh  air  are  needed  so  that 
people  can  work  in  this  tunnel. 
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drinking  water  directly  from  the  wells,  riv- 
ers or  lakes,  he  must  use  special  filters  and 
chemicals  to  remove  impurities. 


Summary 

In  most  construction  areas,  there  are 
many  laws  that  a contractor  must  follow 
from  the  time  he  moves  to  the  site  until  the 
project  is  finished.  These  include  national, 
state,  county,  township,  or  city  laws.  Also, 
in  all  phases  of  construction,  there  must  be 
safety  and  protection  of:  (1)  the  general 
public,  (2)  workers,  (3)  property  close  to 
the  site,  (4)  the  site  itself,  and  (6)  equip- 
ment and  materials. 

Often  temporary  facilities  and  utilities 
are  needed  at  construction  sites.  These  in- 
clude offices,  storage  space,  electricity,  tele- 
phones or  radios,  and  water  to  name  a few. 
Laws,  safety  and  protection,  facilities,  and 
utilities  must  always  be  considered  when 
getting  ready  to  build. 

The  next  lesson  tells  about  clearing  the 
site  before  construction  begins. 


Terms  to  Know 

zoning  laws 

maximum 

minimum 

building  permit 

qualify 

trespassing 


shoring 

temporary  facilities 
temporary  utilities 
prefabricated 
communication 
sanitation 


Think  About  It ! 

1.  Zoning  laivs  place  limits  on  construction 

in  each  area  of  a city. 

a.  Name  the  major  kinds  of  zones. 

b.  Describe  some  other  restrictions  or 
limits  that  may  apply  in  some  areas. 

2.  Safety  and  protection  are  very  important 

in  construction. 

a.  At  a construction  site  what  and  who 
must  be  protected? 

b.  What  dangers  must  they  be  protected 
from? 

c.  Describe  some  ways  in  which  the  con- 
tractor provides  for  safety. 


Fig.  30*9.  A fwo-woy  rodio  Is  used  for  communicotion  in  layout  work. 
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Getting  Ready  To  Build 


-Permits 

-Zoning  regulations 


-Public 

-Workers 

-Adjacent  property 

-Building  site 

•-Equipment 
and  materials 


-Roads 

-Walkways 


-Materials 

-Equipment 

-Offices 

-Sanitation 

-Laboratories 

-Maintenance 


-Electrical  power 
-Communications 


•-Water 
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Clearing  the  Site 


This  lesson  tells  how  a site  is  prepared 
and  cleared.  You  will  learn  some  of  the 
terms,  problems,  and  equipment  used  for 
preparing  and  clearing  operations. 


cutting,  (4)  burning,  (5)  earthmoving,  and 
(6)  disposing.  We  will  look  at  exan>ples  of 
these  operations. 


Site  Factors 

Site  factors  (things  about  the  site)  are 
important  to  those  who  prepare  and  clear 
the  site.  The  size  of  the  site,  the  amount 
of  natural  growth,  man-made  and  natural 
obstacles  (Fig.  31-1),  the  location  of  the 
site,  and  what  is  around  the  site  are  exam- 
ples of  important  site  factors. 

What  site  clearing  practices  are  used  de- 
pend upon  the  problems  found  on  a particu- 
lar site.  The  contractor  must  know  all 
about  the  site  and  about  site  clearing 
practices. 

The  most  common  sit*.;  clearing  practices 
are:  (1)  demolishing,  (2)  salvaging,  (3) 


Fig.  31-1.  Only  small  equipment  is  used  to  clear  the 
man*made  obstacles  from  this  site.  The 
workers  are  using  air-powered  breakers. 


Demolishing 

Demolishing  means  destroying.  If  we  de- 
molish by  using  high  explosives,  we  call  this 
operation  blasting,  Fig.  31-2.  When  bulldoz- 
ers or  wrecking  balls  are  used,  it  is  called 
wrecking,  Fig.  31-3. 

Using  explosives  has  become  popular  for 
small  projects  in  recent  years.  The  develop- 
ment of  safe,  plastic  explosives  during 
World  War  II  brought  about  a change  in 
the  use  of  blasting  techniques.  When  high 
chimneys  are  demolished,  properly  placed 


Fig.  31-2.  Blasting,  one  method  of  cleoring  a site,  is 
exciting  to  watch. 
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explosives  will  bring  the  chimney  down  into 
a fairly  neat  pile  of  rubble.  Plastic  explo- 
sives are  now  used  for  clearing  stumps  and 
trees  and  for  breaking  up  boulders,  Fig. 


Fig.  31-3.  A wrecking  ball  Is  used  to  demolish  this 
building. 


Fig.  31-4.  Plastic  explosives  can  be  easily  and  safely 
loaded  intr  a bore  hole. 


Clearing  the  Site 

31-4.  Experiments  with  high  explosives, 
even  nuclear  devices,  have  been  made  to 
make  channels  for  rivers  or  gravity  irriga- 
tion systems.  Blasting  can  be  used  both  to 
create  and  to  destroy. 

Wrecking  can  be  done  with  many  me- 
chanical devices.  A crowbar  is  a hand  tool 
which  is  often  used  by  men  in  the  wrecking 
field.  A crawler  tractor  with  a bulldozer 
blade  is  often  used.  For  tall  structures,  a 
crane  with  a wrecking  ball  is  used.  This 
heavy  steel  or  metal  ball  hung  on  the  end 
of  a cable  is  swung  as  a battenng  ram 
against  the  structure  to  be  wrecked. 


Salvaging 

There  are  many  times  that  the  things  on 
a site  have  some  value  and  should  be  saved 
for  use  on  another  project.  Saving  things 
from  being  demolished  (destroyed)  is 
called  salvaging.  This  can  be  done  by  tear- 
ing down,  taking  apart,  or  removing  the 
wanted  material  from  the  site.  When  a 
building  is  to  be  demolished,  most  electrical 
switchboards,  plumbing  fixtures,  doors,  and 
windows  are  salvaged.  See  Fig.  31-6. 


Fig.  31-5.  After  this  disaster,  efforts  will  be  made  to 
salvage  parts  of  this  house. 
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Cutting 

Cutting  has  many  uses.  In  wooded  areas, 
cutting  means  bringing  down  timber  by  us- 
ing axes,  explosives,  or  saws.  Cutting  also 
can  be  done  with  a torch  to  cut  through 
pieces  of  metal.  For  example,  old  steel  tow- 
ers or  bridges  are  cut  in  this  way. 

Special  equipment  can  be  used.  Fig.  31-6, 
when  areas  are  cleared  where  there  is  not 
much  timber  or  brush.  Crawler  tractors 
with  bulldozer  blades  can  push  over  trees 
up  to  18"  to  20"  in  diameter.  When  trees 
are  not  too  large,  two  crawler  tractors  with 
a heavy  steel  cable  connecting  the  two  can 


Fig.  31-6.  This  large  area  was  best  cleared  by  using 
a large  crawler  tractor  with  bulldozer 
blades. 


Fig.  31-7.  Heavy  equipment  using  a chain  drag  to 
clear  a site. 


be  used.  Usually  a heavy  steel  ball  is  placed 
on  the  cable  halfway  between  two  tractors. 
The  tractors,  along  parallel  lines,  pull  the 
cable  and  the  ball.  The  ball  keeps  the  cable 
down  close  to  the  ground  and  tramples  the 
small  trees.  The  cable  slices  through  the 
brush  and  pushes  over  small  trees.  See 
Figs.  31-7  and  31-8. 


Burning 

When  wood  cannot  be  used  or  vegetation 
has  to  be  cleared,  one  of  the  best  ways  of 
destroying  is  by  burning,  Fig.  31-9.  This 


Fig.  31-8.  Two  crawler  tractors  are  pulling  a heavy 
ball  and  cable  to  clear  the  site. 
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can  be  done  by  setting  a fire  under  con- 
trolled conditions.  By  using  special  fuels, 
vegetation — even  when  green — can  be  set 
on  fire.  Many  times  jungle  sites  are  set  on 
fire.  After  the  fire  has  burned  everything 
that  it  can,  bulldozers  are  used  to  clean  up 
the  site. 


Earthmoving 

Earthmoving  is  used  in  clearing  many 
sites.  In  addition,  earthmoving  may  be  a 
major  part  of  the  construction  work  on 
heavy  construction  projects  such  as  high- 
ways, tunnels,  and  earthen  dams.  Earth- 
moving  will  be  studied  in  a future  assign- 
ment which  is  all  about  earthmoving  prac- 
tices. 


Disposing 

Disposing  means  removing  from  the  site 
materials  that  are  not  wanted.  Disposing 
may  be  done  by  burying,  burning,  or  haul- 
ing away. 


Fig.  31-9.  Clearing  a site  can  be  done  by  burning 
materials  that  have  been  removed. 


Clearing  the  Site 

Examples  of  Preparing  and  Clearing 

An  important  point  to  remember  is  that 
often  more  than  one  of  the  major  opera- 
tions is  used  to  prepare  and  clear  any  one 
site.  Sometimes  there  are  also  special  prob- 
lems. The  following  examples  will  give  you 
a better  understanding  of  the  many  things 
involved  in  preparing  and  clearing. 

Some  projects  require  that  the  land  itself 
be  changed.  When  a large  dam  is  to  be 
built,  part  of  the  preparation  of  the  site 
might  be  to  change  the  river  flow  from  the 
area  where  the  dam  is  going  to  be  built. 
This,  in  itself,  is  a major  engineering  proj- 
ect, Fig.  31-10.  This  means  that  new  chan- 
nels or  tunnels  must  be  dug  so  that  the  flow 
of  the  river  water  can  bypass  the  site  of 
the  dam.  Other  times,  only  a small  change 
needs  to  be  made.  If  a factory  needs  more 
space,  the  site  preparation  might  mean  only 
clearing  out  the  parking  lot  next  to  the  fac- 
tory for  a construction  site. 

In  some  cases,  structures  that  are  al- 
ready there  might  have  to  be  removed  to 
make  space  for  the  new.  Fig.  31-11.  In  ur- 
ban or  city  areas  this  often  must  be  done 


Fig.  31-10.  To  build  this  dam,  the  flow  of  the  river 
must  be  changed. 
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when  older  buildings  are  on  the  sites  where 
a new  project  must  be  built. 

There  have  been  occasional  newspaper 
reports  of  contractors  who  began  to  clear 
a site  and,  by  mistake,  brought  down  or 
started  to  bring  down  the  wrong  building. 
To  avoid  this,  proper  engineering  prepara- 
tion must  be  made  so  that  everyone  knows 
exactly  where  the  site  is,  what  work  is  to 
be  done,  and  where  it  must  be  done. 

To  show  the  many  kinds  of  sites  used, 
we  might  talk  about  the  modern  approach 
to  the  erection  of  transmission  line  towers 
at  hard-to-reach  sites.  By  using  helicopters, 
men  and  materials  are  brought  to  the  site 
where  the  towers  are  to  be  built.  The  area 
is  cleared  to  the  shape  needed  for  each 
tower.  The  towers  are  built  using  helicop- 
ters as  cranes,  Fig.  31-12.  Once  the  towers 
are  finished,  helicopters  help  to  string  the 
wire  between  them.  Preparing  the  site,  in 
this  case,  is  nothing  more  than  clearing  an 
area  to  build  the  tower. 

At  some  sites  high  water  level  is  a prob- 
lem. In  order  to  have  solid  ground  on  which 
to  work,  the  water  level  must  be  lowered 


Fig.  31-12.  A helicopter  is  used  to  fronsporf  sections 
of  a metal  tower  to  o site  thot  is  hard 
to  reach. 


Fig.  31-11.  A structure  being  moved  from  its  old  site 
to  a new  site. 


Fig.  31-13.  A cofferdam  is  used  to  keep  wafer  from 
the  construction  site. 
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by  pumping  or  draining  the  water  to  a place 
where  the  level  is  lower. 

There  are  special  problems  when  working 
in  water.  Man  is  not  well  suited  for  working 
under  water.  Therefore,  if  he  is  to  work 
under  water,  a way  must  be  found  to  help 
him.  The  most  popular  methods  are  to  pro- 
vide caissons  or  cofferdams.  Caissons  are 
large  tubes  which  are  placed  through  water 
to  solid  ground.  When  the  caisson  is  emp- 
tied of  water,  this  gives  a dry  place  for 
working. 

Cofferdams  are  a series  of  cells,  or  units, 
which  sit  on  the  bottom  and  are  filled  with 
soil  and  rock.  These  units  are  placed  next 
to  each  other  to  make  a wall  around  the 
site.  The  area  within  the  cofferdam  is  then 
emptied  of  water  to  make  a dry  area.  See 
Fig.  31-13. 


Summary 

You  have  learned  in  this  lesson  that  many 
factors  are  important  in  preparing  and 
clearing  a site.  The  major  operations  most 
often  used  for  clearing  the  site  are:  (1)  de- 
molishing, (2)  salvaging,  (3)  cutting,  (4) 
burning,  (5)  earthmoving,  and  (6)  dispos- 
ing. An  important  point  to  remember  is  that 
more  than  one  of  these  operations  often 
must  be  used  to  prepare  and  clear  one  site. 


Terms  to  Know 


prepare  the  site 
site  clearing 
operations 

a.  demolishing 

(1)  blasting 

(2)  wrecking 

b.  salvaging 

c.  cutting 

d.  burning 

e.  earthmoving 

f.  disposing 


vegetation 

obstacles 

a.  man-made 
obstacles 

b.  natural 
obstacles 

explosives 

plastic  explosives 

bulldozer 

bypass 

caissons 

cofferdams 


Think  About  It! 


1.  Give  the  name  or  location  of  one  struc- 
ture or  building  in  your  neighborhood  or 
city  that  is  in  the  process  of  being  de- 
molished. 

2.  Where  are  the  unwanted  materials  from 
demolished  structures  in  your  commu- 
nity placed  or  disposed?  Can  some  un- 
wanted materials  be  burned  in  your 
community? 

3.  In  your  telephone  directory  find  the 
names  of  two  companies  that  are  in- 
volved in  practices  of  “clearing  the  site.” 


1 
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Earlier  in  this  course  you  studied  how 
surveying  and  mapping  practices  are  used 
to  locate  and  desciibe  a site.  When  it  is  time 
to  begin  construction  work,  surveying  prac- 
tices are  used  again,  this  time  to  locate  the 
structure  on  the  site.  The  importance  of  lo- 
cating the  structure  and  t\vo  major  ways  of 
doing  it  are  discussed  in  this  lesson.  One  set 
of  practices  is  used  for  locating  highways 
and  things  like  airports.  Other  practices  are 
used  for  locating  structures  such  as  houses, 
bridges,  and  concrete  dams. 


Importance  of  Surveying 

Once  the  site  has  been  cleared  and  tem- 
porary facilities  have  been  set  up,  the  work- 
ers must  know  the  exact  location  and  size  of 
the  structure  to  be  built.  The  location  has 
been  shown  on  the  drawings,  but  it  must  be 
laid  out  on  the  site.  The  surveyor  is  the  man 
with  the  training  and  equipment  needed  to 
do  this  job.  Through  his  training  and  ex- 
perience, and  with  the  help  of  measuring 
equipment,  he  can  take  dimensions  from  a 
set  of  plans  and  mark  them  on  the  site.  See 
Fig.  32-1. 

A surveyor  uses  a measuring  tape  and 
transit  to  measure  horizontal  distances  and 
angles,  Fig.  32-2.  To  measure  vertical  dis- 
tances, he  uses  an  engineer’s  level  and  a 
level  rod.  Fig.  32-3.  With  surveying  equip- 
ment, the  surveyor  shows  construction  work- 
ers the  exact  location  and  size  of  the  struc- 
ture they  are  to  build.  The  workers  then 
are  able  to  put  materials  in  the  right  place 
to  construct  a building  or  o.  highway  as  it 
has  been  shown  on  the  drawings.  Even 
though  most  people  do  not  see  the  direct  re- 
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suits  of  the  surveyor’s  work,  his  job  is 
important  and  must  be  done  carefully. 


Surveying  for  Highways 

The  first  and  most  important  part  of  lay- 
ing out  a highway  is  to  find  the  correct 
direction.  The  surveyor  does  this  by  finding 
existing  highways,  trees,  survey  stakes  al- 
ready set,  or  other  landmarks  on  the  plans. 
The  plans  show  the  exact  location  of  the 
highway  to  be  built  in  relation  to  these  land- 
marks or  features. 


Rg.  32-1.  A surveyor  is  sighHrjg  for  o locofion  or  a 
meosuremenK 
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Once  the  surveyor  has  found  these  fea- 
tures, he  uses  them  along  with  a transit  and 
measuring  tape  to  find  the  center  line  of  the 
proposed  highway.  Fig.  32-4.  Stakes  are 
then  set  along  the  whole  center  line  about 
50'  to  100'  apart  'The  most  important 


Rg.  32'Z  The  transit  pictured  here  and  a measuring 
tape  are  used  to  measure  horizontal 
distances. 


points  along  the  center  line  are  c;illed  con- 
trol points.  These  usually  show  where  two 
lines  cross  or  where  the  center  line  turns. 
These  control  points  are  well  marked  with 
flags  and  stakes  to  keep  construction  equip- 
ment from  running  over  or  bumping  them. 
All  measurements  are  put  in  a notebook  for 
future  use.  After  the  center  line  has  been 
found,  the  surveyor  measures  horizontally 
from  it  to  both  sides  and  finds  the  edges  of 
the  pavement.  'The  horizontal  measurements 
needed  for  earthwork  are  then  complete. 

The  vertical  measurements  must  then  be 
made.  There  are  also  control  points  for  ver- 
tical measurements  as  there  are  for  horizon- 
tal measurements.  'These  are  called  bench 
marks.  Bench  mark^  arc  points  of  knoicn 
elevation  or  height  above  sea  level.  'The  loca- 
tion of  several  bench  marks  is  shown  on  the 
plan.  The  surveyor  uses  his  level  and  rod  to 
find  the  height  of  the  ground  at  each  of  the 
center  line  stakes. 

Then,  by  comparing  the  real  elevations 
with  those  shown  on  the  drawings,  he  can 
find  how  much  cut  or  fill  is  needed  to  build 
accordin,'*  to  the  plans.  The  word  cut  means 
the  amount  of  earth  which  must  be  cut  away 
and  removed  to  get  the  right  elevation  or 
height  *1110  word  fill  means  the  earth  which 


Fig,  32-3,  This  engineer’s  level  and  a level  rod  are 
used  to  measure  vertical  distances. 


Rg.  32-4.  The  center  line  of  a^^roposed 

superhighway  is  shown  on  this  aerial  photo. 
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must  be  filled  in  to  get  the  right  height 
The  surveyor  marks  the  amount  of  the  cut  or 
fill  needed  on  each  center  line  stake.  The 
construction  workers  w*ill  later  follow  the 
sui*veyor’s  marks  when  they  grade  the 
ground. 

The  sur\’eyor  then  marks  the  amount  of 
cut  or  fill  on  the  stakes  at  each  edge  of  the 
proposed  pavement  The  cut  or  fill  should 
slope  from  these  stakes  to  some  point  on  the 
ground.  See  Figs.  32-6  and  32-6.  Thus,  stakes 
are  also  set  at  the  place  to  where  the  cut  or 
fill  is  to  slope.  These  stakes  are  called  slope 
stakes  because  they  show  the  slope  of  the 


be  removed  or  filled  when  the  subsurface 
of  the  pavement  is  prepared, 

A,  These  slope  stakes  show  the  area  to 


be  filled, 

B,  These  slope  stakes  show  the  area  to 
be  removed. 


ground  to  be  constructed.  All  vertical  meas- 
urements are  then  put  in  a notebook  for 
future  use. 

^Vhen  the  cut,  fill,  and  other  earthwork  is 
done,  the  surveyor  must  put  up  new  stakes 
for  the  workers  to  follow  while  they  are 
constructing  the  roadbed,  Fig.  32-7.  This  is 
done  by  beginning  with  the  control  points 
and  setting  stakes  on  each  side  of  where  the 
pavement  should  be.  These  stakes  usually  are 
set  about  26'  to  60'  apart  and  2'  outside  the 
edge  of  the  proposed  pavement  The  tops  of 
the  stakes  are  set  at  the  height  that  the 
finished  pavement  will  be.  'The  level  of  pave- 
ment will  be  at  the  top  of  the  stakes.  Other 
workers  will  then  lay  the  pavement  by 
following  the  surveyor’s  stakes. 


Rg.  32-6.  Stakes  indicate  the  omouni  of  fill  or  cut 
required  for  the  grading. 


Fig,  32-7,  Heavy  equipment  is  used  in  grading  a 
roadbed. 
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All  earthwork  and  highway  projects  are 
surveyed  In  much  the  same  way.  Slope  stakes 
are  used  for  the  earthwork,  and  then  more 
stakes  are  put  In  to  outline  the  pavement  or 
structure  to  be  built 

Surveying  for  Buildings 

Building  plans  generally  show  where  the 
building  will  be  in  relation  to  the  property 


line  or  some  other  feature,  Fig.  32-8.  After 
the  surveyor  has  marked  where  the  struc- 
ture is  to  be  on  the  site,  he  uses  these  mark- 
ings to  set  control  poinU.  These  are  points 
from  which  to  measure  both  horizontal  and 
vertical  distances.  Control  points  are  put 
any  place  where  they  will  be  safe  from  con- 
struction equipment. 

The  actual  layout  of  the  building  is  done 
by  using  hatter  boards.  These  are  made  of 


Rg.  32*8.  The  plot  plan  shows  the  relationship  of  the  building  to  the  property  lines. 


\ 

\ 

i 

i 


I 

i 


i 

I 

I 


i 

it 


173  The  World  of  Consirudion 

2"  X 4"  stAkes  driven  part  way  into  the 
ground.  A board  is  fastened  to  the  tops  of 
these  stakes.  Then  a nail  is  driven  into  the 
edge  of  this  board,  or  a saw  cut  is  made  on 
the  line  that  is  being  laid  out 
To  stake  a wall  of  a building,  the  sur- 
veyor locates  it  on  the  drawings  and  then 
constructs  batter  boards  beyond  each  end  of 


Rg.  32-9.  Surveyors  locate  the  walls  of  a building 
according  to  plans. 


Fig.  32-10.  The  building  layout  locates  the  shape 
and  size  of  the  planned  structure. 


the  wall,  Fig.  32-9.  The  batter  boards  are 
placed  far  enough  past  the  ends  of  the  walls 
to  let  construction  equipment  work  without 
bumping  the  walls. 

Nails  are  driven  into  each  batter  board  or 
saw  cuts  are  made  where  the  exact  line  of 
the  wall  should  be.  Then  construction  work- 
ers stretch  a wire  or  cord  between  the  nails 
or  saw  cuts  to  find  the  wall  line.  The  sur- 
veyor docs  this  for  each  wall  until  the  build- 
ing is  located.  See  Fig.  32-10.  Corners  are 
located  by  intersecting  (crossing)  wires. 
Other  marks  may  be  put  on  the  batter 
boards  to  mark  the  wall  line,  the  founda- 
tions, or  columns.  Sometimes  separate  batter 
boards  are  constructed  to  mark  each  line. 
Batter  boards  and  the  marks  on  them  must 
always  be  clearly  titled  to  avoid  confusing 
one  batter  board  mark  for  another. 

Horizontal  measurements  and  location 
have  been  described.  Vertical  measurements 
are  also  needed.  Batter  boards  are  usually 
set  with  the  top  board  at  a known  elevation 
above  the  ground.  A plumb  bob  then  is  hung 
from  the  wire  which  is  stretched  between 
the  batter  boards.  Fig.  32-11.  Vertical 
measurements  can  be  made  along  the  plumb 
line. 

During  the  construction  of  large  build- 
ings, a surveyor  looks  through  his  transit 
to  make  sure  that  correct  locations  are  main- 
tained. The  surveyor  uses  a level  and  rod  to 
take  vertical  dimensions.  He  takes  measure- 
ments from  the  plans  and  the  bench  mark  to 
the  actual  building.  The  surveyor  does  this 
many  times  during  construction,  especially 
on  multistoried  buildings  where  it  is  impor- 
tant that  each  floor  be  the  right  height.  He 
may  also  do  this  to  check  how  much  the 
structure  has  settled  during  or  after  con- 
struction. 

Concrete  dams,  bridges,  and  many  other 
structures  are  laid  out  in  much  the  same 
way  as  that  described  for  buildings.  Often 
surveying  records  are  kept  so  they  can  be 
used  to  check  how  much  a project  has  set- 
tled or  tilted. 
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Fig»  32-11-  The  plumb  bob  is  used  to  locote  verticol 
points  olong  the  wire  thot  forms  the 
building  layout. 


Summary 

Surveying  is  needed  for  locating  struc- 
tures on  construction  sites.  This  lesson  has 
explained  what  equipment  is  needed  for 
surveying  and  has  described  how  surveying 
is  done  for  highway  and  building  construc- 
tion. 


Terms  to  Know 

surveying 
mapping 
surveyor 
lay  out  a site 
transit 

measuring  tape 
horizontal  distances 
vertical  distances 
engineer’s  leve’ 
level  rod 
center  line 
control  points 
bench  mark 


Think  About  It! 

1.  What  do  you  think  would  happen  if  a 
new  home  were  incorrectly  located  and 
built  on  a portion  of  someone  else’s  prop- 
erty? Ask  your  parents  if  they  know  of 
an  example. 

2.  List  at  least  three  kinds  of  construction 
workers  who  would  use  surveying  equip- 
ment to  locate  structures  on  a site. 

3.  Have  you  ever  seen  surveyors  working? 
Could  you  tell  why  they  were  surveying? 


elevation 

cut 

fill 

slope  stakes 
grade  a roadbed 
roadbed 
property  line 
batter  Ixmrds 
locating  a building 
plumb 
plumb  bob 
multistoried 
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Moving  earth,  both  soil  and  rock,  has  a1* 
ways  been  important  to  man.  Early  man 
was  limited  in  what  earthmoving  he  could 
do  because  he  relied  highly  on  his  muscle. 
Now  man  has  huge  pieces  of  machinery  for 
earthmoving.  It  is  now  possible  to  do  more 
work  than  was  ever  dreamed  of  by  our 
ancestors. 

There  are  many  kinds  of  earthmoving 
equipment.  See  Figs.  33-1  and  33-2.  The 
types  range  from  small  farm  tractors  with 
earthmoving  attachments  to  large  shovels 
which,  in  only  one  bite,  can  carry  enough 
material  to  fill  one  railroad  car.  Fig.  33-3. 
All  this  equipment  is  very  expensiv*e  to  op- 
erate and  maintain.  Much  of  it  is  very  spe- 
cialized. The  contractor,  in  many  cases,  will 
have  only  some  pieces  of  basic  equipment 
^^^len  a job  calls  for  special  machines,  the 
contractor  goes  to  a sub-contractor  or  a 


Earthmoving 


leasing  or  rental  agency  who  has  them. 
Charges  for  the  rented  machines  are  based 
upon  the  time  the  equipment  is  worked  and 
how  much  it  costs  to  bring  the  unit  to  the 
site  and  to  return  it 


Transporting  Equipment 

Some  earthmoving  equipment  is  self-pro- 
pelled and  can  be  driven  to  the  site.  Figs. 
33-4  and  33-6.  Other  units  must  be  hauled 
to  the  site  on  special  flatbed  trailer  trucks. 
Still  other  equipment  is  towed  to  the  site. 

The  transporting  of  earthmoving  equip- 
ment may  be  complicated  by  many  condi- 
tions: (1)  the  distance  to  the  site,  (2)  the 
access  routes  to  the  site,  (3)  the  height 


Rg.  33-1.  This  power  shovel  is  looding  a truck  that 
wn'll  haul  earth  to  another  site. 


Rg.  33-Z  This  scraper  is  moving  earth  from  one 
place  to  another. 
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and  width  of  the  equipment,  (4)  the  speed 
and  kind  of  wheels  on  the  equipment,  and 
(6)  the  total  weight  of  the  equipment.  The 
limits  of  overhead  utility  lines,  bridges, 
number  of  lanes  of  traffic,  and  other  things 
to  do  with  the  road  all  have  to  be  considered 
when  moving  equipment. 


Setting  Up  Equipment 

Before  the  equipment  gets  to  the  site,  the 
contractor  decides  how  he  will  use  the  ma- 
chinery. All  needed  ramps,  mats  (which 
give  support  on  soft  soil),  assembly  areas, 
and  parking  aprons  (used  for  servicing  and 
storage)  are  made  ready  ahead  of  time. 
Once  the  equipment  arrives,  work  is  done 
very  quickly. 


Excavating 

Earthmoving  is  usually  done  by  excavat- 
ing (digging)  material  in  one  area  and 


Rg.  33-3.  Earthmoving  equipment  comes  in  many 

sizes,  depending  on  the  job  that  it  has  to 
do.  Here  just  the  bucket  of  a large 
mochine  can  hold  a piece  of  equipment 
thct  is  taller  than  a man. 


transferring  (moving)  it  to  another  place 
where  it  is  either  piled  up,  spread  out,  or 
used  as  fill  material  (disposing). 


Fig.  33-4.  This  dragline  and  bucket  can  move  large 
quantities  of  earth. 


Fig.  33-5.  This  hydraulic  excavator  is  self-propelled 

and  con  be  driven  from  one  job  to  another 
by  its  own  power.  Here  it  is  placing  pieces 
of  rock  to  protect  a river  bank  from 
being  washed  away. 
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Fig.  33-6.  This  is  a clamshell  loading  a rock  crusher. 


Excavating  is  done  (1)  to  reach  a good 
base  for  a foundation,  (2)  to  build  base- 
ments, (3)  to  make  cuts  through  hilly  land 
for  travel  routes,  and  (4)  to  level  uneven 
ground.  Shovels  (Fig.  33-1),  scrapers  (Fig. 
33-2),  draglines  (Fig.  33-4),  clamshells 
(Fig.  33-6),  and  hoes  (Fig.  33-9)  are  some 
of  the  big  machines  used  for  this  work. 
Tractors  with  special  attachments,  pumps, 
trenching  machines  and  loaders,  are  some  of 
the  smaller  units  used. 

Excavating  is  classified  seven  basic  ways: 

1.  Bulk  pit  excavating.  This  is  the  digging 
up  of  a wide  and  deep  area.  The  loose 
material  must  be  hauled  away  from  the 
site.  Access  to  this  excavation  is  very 
limited.  An  example  would  be  a base- 
ment being  dug  for  a downtown  building 
which  is  between  two  existing  buildings. 
See  Fig.  33-7 A. 
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A.  Typical  bulk  pit  excavaMon. 
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C.  Typical  l.oose  bulk  excavaMon. 
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B.  Typical  bulk  wide-area  excavaHon. 
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VERTICAL  SECTION 
D.  Typical  limiied-area,  verHcal  excavation. 


Fig.  33-7.  Four  of  seven  excavation  classifications. 
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2.  Bulk  wide-area  excavating.  These  areas 
are  wide  but  fairly  shallow,  and  there  is 
easy  access  to  them.  The  process  is 
mainly  one  of  leveling.  An  example  is  the 
grading  for  a highway  or  an  airfield.  See 
Fig.  33-7B. 

3.  Loose-bulk  excavating.  The  material  is 
not  hauled  away,  as  in  the  above  two, 
but  it  is  piled  into  a new  position.  Wet 
clay  is  the  type  of  matter  that  is  moved. 
An  example  of  this  excavating  practice 
is  the  way  in  which  soil  is  moved  in  mak- 
ing dikes  in  order  to  form  a pond.  See 
Fig.  33-7C. 

4.  Limited-area  vertical  excavating.  This 
kind  of  excavation  is  done  mainly  by 
digging  vertically.  It  may  be  used  to  dig 
a basement.  The  sides  of  the  excavation 
may  be  braced  or  shored.  The  material 
is  lifted  up  and  over  the  sides  of  the  ex- 
cavation. See  Fig.  33-7D. 

5.  Trenching.  In  trenching,  the  excavation 
is  long  and  narrow.  The  trench  must  be 
wide  enough  so  that  conduits,  pipes,  and 
other  underground  materials  can  be 
placed  into  it.  The  spoil  (removed  earth) 
is  piled  on  the  surface  at  the  sides  of  the 


Fig.  33-8.  A trencher  is  used  to  dig  a deep,  wide 
trench  below  the  earth's  surface. 
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trench.  It  is  used  later  to  refill  the  trench. 
See  Figs.  33-8  and  33-9. 

6.  Dredging.  This  kind  of  excavation  deals 
with  the  removal  of  soil  or  other  mate- 
rials from  under  water.  It  is  much  the 
same  as  loose-bulk  excavating.  For  ex- 
ample, this  practice  might  be  used  in 
making  harbors  or  river  channels  deeper. 

7.  Tunnel  excavating.  Tunneling  is  not  usu- 
ally considered  under  the  heading  of 
general  excavation,  because  it  is  done 
completely  underground.  See  Fig.  33-10. 


Fig.  33-10.  An  earth  auger  is  used  to  dig  tunnels. 
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Sometimes  tough  or  dense  material  must 
be  loosened  before  it  can  be  excavated.  The 
most  common  techniques  for  loosening  these 
materials  are:  (1)  blasting,  (2)  breaking, 
(3)  scarifying,  and  (4)  ripping. 

Blasting  is  done  mostly  to  rock.  Figs,  33- 
11  and  33-12.  An  explosion  caused  by  high 
explosives  placed  as  charges  in  special 
places  in  the  material  causes  the  rock  to 
break  into  pieces. 


Fig.  33-11.  Rock  is  being  loosened  by  blasting. 


Fig.  33-12.  |Blasf  holes  are  drilled  where  rock  must 
be  blasted  away. 


BreaJcing  is  the  applying  of  strong  blows 
to  tear  up  hard  materials.  Air  hammers  are 
examples  of  breaking  tools. 

In  both  the  scarifying  and  rippinp  proc- 
ess, much  tough  or  dense  material  is  loos- 
ened by  running  blades  or  teeth  through  it. 
This  is  like  plowing.  Scarifying  is  usually 
done  in  the  upper  18"  of  soil.  Ripping  is 
done  by  pulling  one  or  two  large  teeth  with 
a tractor  to  loosen  material  down  to  depths 
of  2'  to  3'.  Ripping  is  used  instead  of 
blasting  wherever  ripping  equipment  can 
get  to  the  area  and  where  materials  are  not 
too  hard.  New  advances  in  heavy  equipment 
and  ripper  design  are  making  the  rippe: 
very  popular  in  the  field.  See  Fig.  33-13. 

Earth  that  is  readily  workable  or  which 
has  been  loosened  is  excavated.  Then  it  is 
moved  out  of  the  way. 

Transferring  and  Disposing 

Excavated  materials,  called  spoil,  are 
transferred  or  moved  from  one  place  to  an- 
other, Fig.  33-14.  Then,  they  are  disposed 
of.  The  spoil  may  be  stored  for  reuse  on  the 


Fig.  33-13.  This  crawler  fracfor  with  ripper 
attachment  loosens  the  earth. 
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site  or  for  possible  sale  and  later  use  on 
other  sites.  Spoil  may  be  disposed  of  by 
using  it  for  fill  or  top  dressing.  Filling  is 
the  leveling  of  low  spots,  while  top  dressing 
is  the  spreading  of  a thin  coat  over  an  area. 
Transferring  and  disposing  are  often  done 
at  about  the  same  time,  and  some  of  the 
same  equipment  is  used  for  both  operations. 
See  Fig.  33-15. 

Transferring  liquid  waste  such  as  water 
from  a construction  site  takes  different 
kinds  of  equipment  and  operations.  Rain 
may  cause  problems  such  as  the  collapsing 
of  walls  and  the  filling  of  holes.  Equipment 
may  even  get  stuck  in  the  mud.  Pumping 
is  a normal  way  to  transfer  water  from  the 
site.  This  allows  work  to  continue.  Portable 
sump  pumps,  which  are  operated  by  electri- 
cal or  gasoline  power,  are  easily  lowered 
into  the  excavation.  The  water  is  pumped 
through  lengths  of  piping  to  another  loca- 
tion away  from  the  working  area  or  directly 
into  storm  sewers. 

On  some  construction  sites,  spoil  may 
only  be  pushed  or  moved  out  of  the  way  of 


Fig.  33-14.  Dump  trucks  are  used  to  haul  spoil  from 
one  place  to  another. 


the  workers.  This  is  done  when  the  mate- 
rials are  to  be  used  again  on  the  site  or 
when  it  is  to  be  sold,  dumped,  or  spread. 
A contractor  will  sometimes  have  the  spoil 
arranged  in  mounds,  slopes,  or  hills  around 
the  construction  site.  Topsoil  might  be  put 
on  it  and  grass  and  shrubs  might  be  planted 
in  it  to  make  it  attractive.  Fig.  33-16. 

Spoil  also  may  be  used  to  raise  the  gen- 
eral level  of  the  construction  site.  Again, 
in  this  case,  the  topsoil  is  saved  separately 
and  used  as  the  top  layer  to  make  landscap- 


Fig  33-15.  Spoil  is  being  removed  and  loaded  by  a 
wheel-type  excavator. 


Fig.  33-16.  Crawler  tractors  with  dozer  attachments 
push  spoil  from  one  place  to  another. 
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ing  easier.  Spoil  may  also  be  used  to  fill  old 
gravel  pits,  washed  out  trenches  in  the  land, 
and  other  holes. 

Summary 

It  is  often  necessary  to  excavate  certain 
materials  so  workers  may  prepare  a founda- 
tion or  install  pipe  lines  or  other  under- 
ground works.  Spoil  or  loose  materials  must 
be  used  on  the  site  or  be  transferred  to 
some  other  place. 

The  equipment  and  procedures  used  in 
Excavating  and  relocating  earth  materials 
are  similar  regardless  of  the  kind  of  con- 
struction. Often  the  only  differences  are  in 
the  power  of  the  equipment  and  the  number 
of  man-hours  needed  to  do  the  work. 

Terms  to  Know 

ancestors  types  of  excavating 

self-propelled  a.  bulk  pit 


transporting 

b.  bulk  wide  area 

flatbed  truck 

c.  loose  bulk 

excavating 

d.  limited  area 

disposing 

vertical 

transferring 

e.  trenching 

trading 

f.  tunneling 

loosening  methods 

g.  dredging 

a.  blasting 

fill 

b.  breaking 

top  dressing 

c.  scarifying 

pumping 

d.  ripping 

sump  pump 

chain  conveyor 

man-hour 

Think  About  It! 

1.  Identify  one  place  in  your  neighborhood 
where  earthmoving  is  now  going  on.  Why 
is  it  being  done? 

2.  Why  do  earthmoving  contractors  like  to 
have  their  equipment  in  use  as  many 
hours  a day  as  possible? 


General  purpose  excavating  clamshell. 


Handling 

Grievances 

You  have  read  that  unions  and  employees 
negotiate  a collective  bargaining  agreement. 
One  of  the  important  parts  of  this  agree- 
ment is  a statement  of  the  rules  for  han- 
dling worker  complaints  which  may  come 
up  while  the  agreement  is  in  effect.  These 
rules  are  called  grievance  'procedures.  In 
this  lesson  you  will  study:  (1)  what  prob- 
lems are  covered  by  grievance  procedures, 

(2)  why  grievance  procedures  are  needed, 

(3)  what  grievance  procedures  are,  and  (4) 
the  results  of  poor  grievance  procedures. 


Problems  Covered  by  Grievance 
Procedures 

A person  has  a grievance  when  he  be- 
lieves that  he  is  not  getting  the  praise,  re- 
wards, working  conditions,  or  satisfaction 
which  he  deserves.  You  could  be  said  to 
have  grievances  about  the  way  you  were 
treated  if,  for  example, 

1.  You  ask  your  parents  for  permission 
to  watch  a television  show  about  Abra- 
ham Lincoln,  and  they  refuse,  or 

2.  A baseball  umpire  declares  you  out 
when  you  feel  you  were  safe. 

In  your  own  life,  a collective  bargaining 
agreement  might  be  compared  to  the  rules 
of  baseball.  Before  you  begin  a neighbor- 
hood game,  you  decide  on  the  bases,  whether 
or  not  you  will  use  an  umpire,  and  which 
rules  you  will  follow.  After  you  begin  the 
game,  other  problems  may  come  up.  These 
problems  might  not  be  solved  through  the 
rules.  If  your  team  disagrees  with  an  um- 
pire’s ruling,  then  a discussion  between  the 
two  teams  and  the  umpire  may  be  neces- 
sary. In  this  case,  the  discussion  could  be 


O 


Fig.  34-1.  Tho  referee  in  this  game  represents 

"management"  and  the  players  represent 
"labor." 
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Fig.  34-2.  Men  must  be  able  to  work  together  as  a 
team  in  order  to  prevent  trouble. 


Fig.  34-3.  These  workers  seem  very  pleased  with 
their  working  conditions. 


Fig.  34-4.  In  order  to  keep  this  job  moving  along, 
good  working  conditions  must  exist. 


compared  to  the  grievance  procedure  for 
labor. 

For  labor,  there  are  two  kinds  of  griev- 
ances that  are  handled  by  grievance  proce- 
dures. There  are:  (1)  grievances  covered 
by  the  collective  bargaining  agreement  and 
(2)  grievances  not  covered  in  the  collective 
bargaining  agreement. 

In  general,  workers  may  use  grievance 
procedures  for  any  complaint  or  grievance. 
Grievance  procedures,  however,  are  not 
useful  for  changing  what  has  already  been 
decided  in  a collective  bargaining  agree- 
ment. For  example,  if  it  is  written  in  the 
collective  bargaining  agreement  that  con- 
struction laborers  should  receive  $3.50  to 
$4.50  an  hour,  a construction  laborer  could 
not  use  grievance  procedures  to  get  a higher 
wage  during  the  term  of  the  agreement. 
However,  he  would  have  a grievance  if  he 
were  asked  to  do  a cement  finisher’s  work 
and  that  salary  was  higher  than  that  of  his 
classified  position. 

Most  grievances  are  about  working  con- 
ditions. WorJcint;  conditions  affect  the  worker 
at  his  job.  The  danger  involved  in  a job, 
the  way  in  which  the  tools  and  equipment 
are  maintained,  and  the  foreman’s  attitude 
toward  his  employees  may  all  be  thought 
of  as  working  conditions.  Figs.  34-3  and 
34-4. 


Why  Grievance  Procedures 
Are  Needed 

The  grievance  procedure  is  a way  of  han- 
dling problems  before  they  lead  to  larger 
problems  such  a,s  strikes  and  unhappy 
workers.  Grievance  procedures  are  a way 
for:  (1)  making  it  easy  for  people  to  talk 
to  each  other,  (2)  promoting  understanding 
of  the  way  other  people  feel,  and  (3)  letting 
the  workers  know  that  their  employer  will 
listen  to  their  complaints. 

No  matter  hew  understanding  an  em- 
ployer and  worker  try  to  be,  problems  still 
corns  up  between  them.  The  quickest  and 
best  way  of  preventing  trouble  is  to  make 
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sure  that  the  people  involved  know  they  can 
talk  over  a problem.  In  order  to  understand 
one  another’s  feelings  and  problems,  people 
must  be  able  to  talk  with  one  another,  Fig. 
34-5.  The  understanding  gained  in  this  way 
may  help  solve  small  problems  before  they 
lead  to  big  problems. 

If  a worker  does  not  feel  an  employer  will 
listen  to  a small  grievance,  he  may  begin 
to  resent  the  employer  and  to  believe  that 
the  employer  cares  nothing  about  his  prob- 
lems. If  this  situation  continues  over  a long 
period  of  time,  it  may  make  it  impossible 
for  the  employer  and  worker  to  work  out  a 
solution.  The  worker’s  resentment  (un- 
happy feelings)  about  a small  matter  then 
may  affect  the  way  he  feels  about  the  em- 
ployer, the  way  he  hears  what  the  employer 
says,  how  he  feels  about  the  business,  and 
how  he  feels  about  his  own  job.  When  re- 
sentment becomes  that  big,  it  is  hard  to 
change  it. 

If,  however,  the  worker  knows  that  the 
employer  will  listen  carefully  to  his  griev- 
ance, then  a small  matter  might  be  easily 
changed,  and  the  worker  will  be  able  to  con- 
tinue on  his  job  feeling  good  about  it  and 
his  employer.  The  worker  will  know  from 
past  experience  whether  or  not  the  griev- 
ance procedures  work.  If  he  knows  that  the 


Fig.  34-5.  A group  consisting  of  labor  and 

management  is  discussing  problems  at  a 
contract  bargaining  session. 


grievance  procedures  have  worked  before, 
he  will  not  be  so  quick  to  turn  to  strikes. 


Grievance  Procedures 

Although  grievance  procedures  are  dif- 
ferent in  one  part  of  the  countiy  than  in 
another,  there  are  some  things  that  are 
important  to  any  good  grievance  procedures. 
These  are: 

1.  At  any  grievance  discussion,  there 
should  always  be  representatives  from 
both  the  union  and  management. 

2.  Grievance  procedures  should  always 
begin  with  the  lowest  level  of  manage- 
ment, usually  the  foreman. 

3.  Progress  should  be  orderly  from  one 
level  of  authority  to  the  next  until  a 
satisfactory  solution  is  found. 

4.  Management,  at  all  levels,  should  have 
the  authority  to  settle  the  matter 
without  going  any  further.  For  exam- 
ple, suppose  your  teacher  rules  on  a 
student  grievance  against  school  pol- 
icy. It  should  be  assumed  that  the  rul- 
ing will  be  supported  by  the  principal, 
superintendent,  and  board  of  educa- 
tion. At  each  level  there  should  be 
enough  authority  to  settle  the  issue 
without  going  any  further. 

A set  of  grievance  procedure  steps  for  a 
large  company  might  be  something  like 
that  shown  in  Table  34-1. 

As  you  can  see,  the  first  level  of  the 
grievance  process  may  be  just  a discussion 
between  the  worker  and  his  foreman.  Many 
times,  however,  a union  representative  or 
union  steward  takes  part  in  this  discussion. 
This  first  level  is  very  ■ important.  The 
worker  and  the  foreman  are  the  two  who 
are  most  directly  concerned  with  the  griev- 
ance. If  they  can  solve  the  problem,  many 
delays  and  difficulties  may  be  avoided. 

As  the  grievance  goes  on  from  level  to 
level,  misunderstanding  of  the  original 
problem  may  occur.  Therefore,  the  griev- 
ance is  put  into  writing  to  reduce  possible 
misunderstanding  of  the  original  or  first 
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problem.  Sometimes  this  is  not  done  at  the  When  mediation  is  used,  a neutral  out- 
first  level,  but  it  is  almost  always  done  after  sider  or  group  of  outsiders  is  brought  to- 

that.  Grievances  put  into  writing : (1)  pro-  gether  with  the  representatives  from  the 

vide  a record  of  the  case,  (2)  allow  people  union  and  the  employer.  This  outsider  or 

at  each  level  to  read  what  was  said  in  the  group  of  outsiders  may  make  comments 

levels  before,  (3)  help  establish  rules  for  which  will  help  each  side  understand  the 

future  cases,  (4)  are  more  official,  (5)  other  so  that  they  can  work  out  their  own 

cause  employees  to  think  carefully  before  solution.  A mediator  cannot  enforce  his  de- 

raising  an  unimportant  problem.  cisions.  An  arbitrator  studies  the  case  and 

Sometimes  the  employer  And  the  union  makes  a ruling  which  he  can  enforce. 

cannot  find  a satisfactory  solution  to  the  Sometimes  grievance  procedures  don’t 
grievance.  It  is  then  necessary  to  use  medi-  work.  If  this  happens,  both  the  union  and 

ation  and  in  extreme  cases,  arbitration.  management  suffer.  Poor  grievance  proce- 

Sometimes  mediation  or  arbitration  are  dures  may  lead  to  unhappy  employees.  The 

written  into  the  collective  bargaining  agree-  workers  may  develop  the  attitude  that  they 


ment  as  final  steps  in  the  process. 


are  working  against  the  employer  instead 


Table  34-1 

Grievance  Procedure  in  a Large  Company 


3 These  two  parties  will  dis- 

cuss the  written  statement 


These  two  parties  may  dis- 
cuss  the  problem  and  draw 
up  a written  statement 


and  may  draw  up  a more 
complete  statement. 


of  it. 


These  two  parties  may 
attempt  to  solve  the  prob- 
lem, and  if  no  solution  can 
be  seen,  they  may  begin 
steps  toward  having  a 
neutral  observer  meet  with 
the  group. 
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of  with  him.  They  may  then  produce  a 
smaller  quantity  of  work  and  work  of 
poorer  quality.  As  a result,  the  employer 


will  not  be  able  to  get  further  contracts, 
and  everyone  loses. 


K- 


National 

Corporation 

Executive 


Mediation  or  Arbitration 
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Solution  to  the  Problem 


Summary 

Grievance  procedures  are  ways  for  han- 
dling worker  complaints  after  the  collective 
bargaining  agreement  is  drawn  up.  They 
make  it  easy  for  the  employer  and  the 
worker  to  talk  things  over.  By  working  to- 
gether, the  worker  and  the  employer  at- 
tempt to  solve  their  problems  before  they 
get  serious.  In  the  construction  industiy,  it 
is  only  rarely  that  it  is  necessary  to  call  in 
a neutral  outsider  to  arbitrate  or  mediate. 
If  the  grievance  process , fails,  strikes  and 
unhappy  workers  and  employers  may  be  the 
result.  This  is  harmful  to  both  sides.  Griev- 
ance procedures  help  to  build  happy  rela- 
tionships between  workers  and  employers. 

Terms  to  Know 

grievance  mediation 

grievance  procedure  arbitration 

collective  bargaining  ' solution 
agreement  casual 

working  conditions 

Think  About  It! 

1.  If  you  want  to  watch  a particular  tele- 
vision program,  but  your  parents  or 
brothers  and  sisters  want  to  watch  an- 
other, do  you  have  a way  (grievance 
procedure)  of  settling  your  differences? 
If  so,  what  is  it? 

2.  What  might  happen  on  a construction 
project  if  orderly  procedures  for  han- 
dling complaints  were  not  agreed  upon  be- 
fore they  occur? 
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Rough  excavating  may  leave  a crude 
trench  or  pit  which  is  unfit  for  the  founda- 
tion. It  may  also  weaken  the  support  of 
structures  next  to  the  excavation.  Trimminff 
and  stabilizing  the  bed  and  walls  of  the  ex- 
cavation may  then  be  necessary,  Fig.  35-1. 
There  are  several  ways  in  which  trimming 
and  stabilizing  are  done.  In  this  lesson,  you 
will  read  why  trimming  and  stabilizing  are 
needed,  how  they  are  done,  h6w  each  works, 
and  when  each  is  done. 


Reasons  for  Trimming  and  Stabilizing 
the  Bed  and  Walls  of  the  Excavation 

Trimming  is  done  to  make  the  excavation 
ready  for  the  foundation.  Very  often  the 
rough  excavating  does  not  leave  a proper 


Fig.  35-1.  Heavy  equipment,  called  a "front-end 
loader,"  is  used  to  trim  and  stabilize  an 
excavation  pit  and  to  load  the  material  on 
trucks. 


Stabilizing  Earth 
and  Structures 


place  for  the  laying  of  the  foundation.  In 
such  cases,  more  exact  excavating  is  done  in 
order  to  reach  the  planned  bearing  surface. 
Soil  which  has  slid  into  the  open  pit  from 
loose  sides  of  the  excavation  must  also  be 
removed.  Fig.  35-2.  Sometimes  the  founda- 
tion is  to  be  built  on  bedrock,  crushed  rock, 
or  gravel.  If  the  rock  is  covered  with  mud, 
this  must  be  removed  before  there  can  be  a 
good  bond  between  the  concrete  of  the  foun- 
dation and  the  rock. 

It  may  be  necessary  to  stabilize  the  ex- 
cavation walls.  Stabilizing  is  done  to  make 
the  walls  hold  their  form  and  to  keep  them 
from  falling  in.  Stabilizing  protects  men, 
equipment,  and  structures  in  or  near  the  ex- 
cavated area. 


Trimming  and  Shaping  the  Bed  and 
Walls  of  the  Excavation 

There  are  four  major  practices  used  for 
trimming  and  shaping  the  excavation  bed 
and  walls:  (1)  cleaning  and  washing,  (2) 
grading,  (3)  sloping,  and  (4)  treating. 
Which  process  is  to  be  used  depends  on  such 
things  as  the  condition  of  the  soil,  the  kind  of 
excavation,  or  the  weather  in  the  area 
where  the  work  is  to  be  done. 

1.  Cleaning  and  washing  remove  mud  from 
base  rock.  This  is  done  so  there  will  be  a 
good  bond  between  the  concrete  of  the 
foundation  and  the  base  of  the  excava- 
tion. This  is  done  by  high  pressure  water 
hosing  which  blasts  the. mud  off  the  rock 
and  then  carries  it  away  through  a drain- 
age system.  When  you  wash  mud  off  a 
sidewalk  with  a garden  hose,  you  are 
doing  much  the  same  thing. 
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2.  Grading  makes  the  bed  and  walls  of  the 
excavation  level  and  firm.  It  usually 
means  cutting  away  high  parts  of  the 
excavation  and  filling  in  uneven,  low 
spots.  Grading  is  done  by:  (1)  compact- 
ing (packing),  (2)  grouting  (filling  with 
mortar),  (3)  scaling  (scraping),  or  (4) 
filling  (moving  in  loose  earth).  Grading 
is  used  in  preparing  many  excavations, 
especially  those  for  highways.  See ‘Fig. 
35-3. 

3.  Sloping  is  another  way  of  trimming  and 
shaping  earth.  The  sides  of  excavations 
are  sloped  to  lower  the  chances  of  slides. 
In  sloping,  the  loose  soil  is  usually  re- 
moved from  the  sides  of  the  excavation. 
Sloping  is  a common  way  of  stabilizing 
the  earthwork  in  an  excavation  which 
covers  a large  area.  Sloping  might  be 
used  where  a large  building  is  to  be  built 
or  where  a dam  is  to  be  built.  Fig.  35-4. 

4.  Treating  is  also  used  for  trimming  and 
shaping  the  excavation  bed  and  walls.  In 
this  process,  loose  soil  is  filled  with  a sub- 
stance that  makes  it  more  solid.  Some- 
times a chemical  solution  is  used.  In  other 
cases,  water  is  used.  Freezing  of  the  soil 
may  be  used  when  the  earth  is  full  of 
water  and  hard  to  drain.  This  freezing 
serves  two  purposes : 


Fig.  35-2.  Soil  and  rocks  that  fell  info  the  excavation 
ore  being  removed. 


a.  It  helps  to  stabilize  the  soil  and  keeps 
the  earth  from  falling  in. 

b.  It  helps  control  water  in  the  ground. 


Stabilizing  Earthworks  and  Structures 

There  are  five  main  ways  of  stabilizing 
earthworks.  They  are : (1)  compacting,  (2) 
sheathing,  (3)  bracing  and  shoring,  (4) 
piling,  and  (6)  cofferdamming.  Which  proc- 


Fig.  35-3.  A tractor  with  a bulldozer  blade  Is  grading 
a site  for  a highway  construction  |ob. 


Fig.  35-4.  Heavy  equipment  is  being  used  to  load 
spoil  after  blasting  has  sloped  the  sides 
of  an  excavation. 


a 


1 96  The  World  of  Construction 

ess  is  used  depends  on  outside  conditions 
such  as  the  state  of  the  soil  and  the  kind  of 
material  being  excavated. 

Compacting  is  the  compressing  or  pack- 
ing down  of  the  earth  to  make  it  firm.  Large 
rollers  pack  the  earth  to  make  it  firmer, 
Fig.  36-5.  For  small  areas,  an  air  hammer 
is  used  to  compact  the  surface. 

Sheathing  forms  walls  to  keep  earth  out 
of  the  excavated  area.  All  sheathing  has 
some  kind  of  framework  which  makes  it 
take  the  shape  of  the  excavation.  Common 
sheathing  materials  are  metal  panels  and 
wood  planks  or  panels.  These  are  supported 
by  bracing  and  shoring. 

Bracing  and  shoring  are  processes  usually 
used  with  sheathing.  However,  each  is 
placed  differently.  The  brace  is  put  in  hori- 
zontally between  the  sheathing  panels.  The 
shore  is  placed  diagonally  against  the  exca- 
vation walls  or  sheathing  panels.  It  is  held 
by  stakes  at  the  bottom.  Bracing  is  tised  in 
narrow  excavations,  Fig.  36-6.  Shoring  is 
used  in  tvider  excavations  where  you  cannot 
brace  against  the  sidewall.  The  material 
used  for  bracing  or  shoring  is  usually  wood 
or  metr^ 

Sometimes  large  concrete,  steel,  or  wooden 
stakes  are  driven  into  the  ground  to  give 


Fig.  35-5.  A compactor-tractor  is  spreading  and 
compacting  a roadbed. 


more  stability  to  a structure,  Figs.  35-7  and 
36-8.  This  is  called  piling,  and  the  stakes 
are  called  piles.  This  is  a construction 
practice  which  has  been  used  since  prehis- 
toric times.  Piling  has  two  main  purposes: 
(1)  to  improve  the  load-bearing  capacity 
of  the  earth  and  (2)  to  help  guard  against 
uneven  settlement  of  the  structure. 

There  are  two  kinds  of  piles:  (1)  fric- 
tion piles  and  (2)  end  or  point  support 
piles.  Friction  piles  support  a load  by  the 
friction  developed  between  the  surface  of 
the  pile  and  the  soil  through  which  it  is 
driven.  The  end  or  point  support  pile  sup- 
ports the  load  by  having  the  structure  rest 
on  one  end  and  having  the  other  end  rest 
on  a firm  layer  of  rock  or  earth  below 
ground  or  water  level.  A common  example 
of  this  kind  of  pile  may  be  found  along  a 
waterfront.  Piers  are  supported  by  piles 
which  are  driven  into  the  rocky  bottom  of  a 
lake,  river,  or  ocean  harbor. 

Coffer  damming  is  a popular  method  used 
in  construction  when  a structure  must  be 


Fig.  35-6.  Shoring  and  bracing  are  used  to  keep 

earth  out  of  an  excavation  area.  They  also 
may  stabilize  nearby  structures  which  are 
resting  on  the  excovation  sidewalis. 
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built  in  water  or  water-filled  soil.  It  is  used 
to  make  a dry  working  area  and  to  keep 
water  out  of  an  area  where  concrete  must 
be  placed  and  cured.  The  main  parts  of  the 
modern  cofferdam  are  sheets  of  wood,  steel, 
or  concrete  (may  be  called  sheathing)  which 
are  driven  into  the  ground  or  water  to  form 
a watertight  wall  around  the  work  site. 
(See  Fig.  36-9.)  Shores  or  braces  support 
the  sheathing.  The  water  and  other  mater- 
ials are  removed  from  this  space.  This  space 
is  then  a dry  area  for  construction  workers 
and  materials.  Fig.  36-10. 


Summary 

After  the  major  excavation  has  been 
made,  more  work  may  still  be  needed  before 
the  foundation  is  laid.  It  may  be  necessary 
to  trim  the  excavation  bed  and  walls  to 
make  ihe  excavation  ready  for  the  founda- 


Fig.  35*7.  A pile  driver  is  used  to  drive  steel  sheet 
piles  into  the  ground. 


tion.  Trimming  and  shaping  the  bed  and 
walls  of  the  excavation  are  done  by  one  or 
more  of  four  processes:  (1)  cleaning  and 


Fig.  35-8.  The  round  discs  are  the  tops  of  piles  that 
have  been  driven  into  the  ground  to  give 
better  stability  to  the  structure  that  will  be 
built  here.  A concrete  slab  will  become  the 
"pile  cap." 


Fig.  35-9.  Steel  sheet  piles  are  being  adjusted  for 
cofferdamming. 
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Fig.  35-10.  Tho  picture  shows  a finished  cofferdam  which  will  keep  water  out  of  the  working  area  of  this  excavation. 


washing,  (2)  grading,  (3)  sloping,  and  (4) 
treating.  Which  practice  is  used  depends 
upon  such  things  as  soil  condition,  weather 
in  the  area,  and  the  kind  of  excavation  being 
made.  All  of  these  processes  are  used  to 
make  the  excavation  ready  for  the  founda- 
tion. 

Stabilizing  earthworks  and  structures  is 
done  in  five  main  ways;  (1)  compacting, 
(2)  sheathing,  (3)  bracing  and  shoring, 
(4)  piling,  and  (5)  cofferdamming.  These 
processes  have  much  the  same  general  pur- 
pose as  those  used  for  trimming  and  shap- 
ing the  structure.  However,  they  are  used 
more  to  steady  and  support  the  excavation 
and  any  surrounding  structures. 


Terms  to  Know 

excavation 

trimming 

stabilizing 

foundation 

bond 

piles 

trimming  and  shaping 
the  excavation 

a.  cleaning  and 
washing 

b.  grading 

c.  sloping 

d.  treating 
settlement  of  a 

building 


types  of  grading 

a.  compacting 

b.  grouting 

c.  scaling 

d.  filling 
means  of 

stabilizing 

a.  compacting 

b.  sheathing 

c.  bracing  and 
shoring 

d.  piling 

e.  cofferdamming 
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Think  About  It ! 

1.  Sometimes  workers  are  caught  in  excava 
tions  when  the  sides  cave  in.  Has  this 
ever  happened  in  your  community?  What 
should  have  been  done  to  prevent  this? 

2.  What  must  be  done  to  support  an  exist- 
ing structure  if  earth  is  removed  very 
close  to  its  foundation?  Have  you  ever 
heard  of  i n incident  where  damage  was 
done  to  an  existing  building?  If  so,  when 
and  where? 


Mass  Excavation 

iMii 

-Cleaning 
and  washing 

-Grading 


-Sloping 

-Treating 


-Compacting 

-Sheathing 


-Bracing 
and  shoring 

-Piling 
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All  constructed  works  may  be  thought  of 
as  structures.  Each  has  a substructure  that 
rests  on  some  part  of  the  earth  called  the 
hearing  surface.  Each  has  a superstructure 
which  rests  on  the  substructure.  We  are 


Fig.  36-1.  Some  subsfrucfures  are  very  complex.  This 
one  is  being  made  of  sond  pumped  from 
the  mainland. 


Fig.  36-2.  This  rockfill  dam  is  a moss  superstructure. 
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Classifying 

Structures 

most  likely  to  notice  only  the  superstruc- 
ture, which  ib  ihe  part  above  the  ground. 
The  substructure,  even  though  we  may  not 
see  it,  is  an  important  part  of  the  whole 
structure.  In  the  next  series  of  lessons  you 
will  study  those  main  parts  of  structures 
and  learn  how  to  build  them. 

A structure  is  an  arrangement  of  mate- 
rials that  have  been  put  together  (con- 
structed). Structures  include  such  things  as 
dams,  roads,  tunnels,  bridges,  marine  proj- 
ects, utility  networks,  towers,  monuments, 
and  buildings. 


The  Substructure 

The  structure  is  made  up  of  a substruc- 
ture (a  foundation)  and  a superstructure 
which  rests  on  it.  The  foundation  supports 
the  weight  of  the  whole  superstructure  and 
must  also  support  any  load  added  to  the 
completed  structure. 

Sometimes  the  foundation  is  very  com- 
plex, such  as  when  it  is  necessary  to  build 
a structure  on  marshy  or  wet  land  (Fig. 
36-1)  or  in  cold  regions  where  freezing  and 
thawing  conditions  break  up  most  of  the 
foundations  used  in  warmer  climates.  In 
some  cases,  the  foundation  is  only  com- 
pacted natural  earth  or  solid  rock. 

We  usually  think  of  the  substructure  as 
that  part  of  the  structure  below  the  sur- 
face of  the  ground.  However,  it  is  some- 
times difficult  to  decide  just  which  is  the 
foundation,  or  substructure,  and  which  is 
the  superstructure.  In  setting  a foundation 
for  a building  on  a steep  slope,  for  example, 
one  foundation  wall  may  rise  above  the 
ground  surface.  The  opposite  wall  may  be 
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buried  in  the  hillside.  In  such  cases  where 
part  of  the  foundation  wall  is  buried,  we 
would  say  that  all  of  the  foundation  wall, 
whether  buried  or  not,  is  the  substructure. 

In  a house,  everything  below  the  first 
floor  level  is  called  the  foundation,  even  if 
part  of  it  can  be  seen  above  the  ground. 
Every  part  of  the  house  above  the  founda- 
tion is  the  superstructure.  In  a bridge  the 
walls  that  support  the  ends  of  the  bridge 
are  part  of  the  foundation,  since  some  of 
them  are  buried  in  the  ground.  The  part  of 
the  bridge  resting  on  the  walls  'S  the 
superstructure. 


Fig.  36-4.  Many  of  our  most  modern  buildings  are 
bearing  wall  types  which  do  not  have 
skeletal  frames. 


Fig.  36-3.  The  homes  of  the  early  cliff  dwellers  were  of  the  bearing  wall  type.  They  can 
be  seen  at  Mesa  Verde  National  Park,  Colorado. 
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The  Superstructure 

Most  of  the  structure  you  can  see  after 
the  project  is  complete  is  the  superstruc- 
ture. There  are  several  major  kinds  of  su- 
perstructures. These  may  be  called  mass, 
bearing  wall,  and  framed  superstructures. 
Mass  superstructures  use  a solid  ma.ss  of 
material  as  in  a dam,  high-way,  or  monu- 


Fig.  36-5.  Can  you  identify  the  substructure  and 
the  superstructure? 


Fig.  36-6.  Railroad  tracks  (superstructure)  and  ties 
(substructure)  must  be  placed  on  a firm 
bearing  surface  to  support  the  weight  of 
the  trains. 


ment.  (.See  Fig.  36-2.)  Bearing  wall  super- 
structures have  unframed  walls  such  as 
those  in  a brick  home  or  a concrete  block 
supermarket.  Figs.  36-3  and  36-4.  Framed 
superstructures  have  a skeleton. 

Most  superstructures  fit  fairly  well  into 
the  classes  of  mass,  bearing  wall,  and 
framed  types.  Fig.  36-5.  However,  there  are 
some  exceptions  which  are  hard  to  classify. 
Tunnels,  underground  pipelines,  and  boat 
and  ship  channels  are  examples  of  con- 
structed works  that  do  not  fit  the  common 
types  of  superstructures.  See  Fig.  36-6. 

Underground  projects  such  as  tunnels 
and  pipelines  do  not  show  above  ground. 


Fig,  36-7,  All  structures  have  a superstructure  and  a 
substructure. 


Fig.  36-8,  A concrete  roadway  has  a substructure 
and  a superstructure. 
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just  as  river  and  port  channels  do  not  show 
above  water.  Therefore,  they  are  not  nor- 
mal superstructures.  They  do  have  bearing ' 
surfaces,  bat  their  substructures  also  are 
not  easily  classified. 

For  the  student  who  is  trying  to  make 
some  order  out  of  all  the  many  kinds  of  con- 
structed projects,  confusion  can  be  avoided 
by  simply  noting  that  some  projects  do  not 


fit  the  general  substructure-superstructure 
groups.  The  projects  which  do  not  fit  into  a 
group  can  be  accepted  as  exceptions  to  a 
useful  way  of  classifying  most  projects  and 
parts  of  projects. 

Summary 

Structures  are  made  up  of  a substructure 
(a  foundation)  and  a superstructure  (part 
resting  on  the  foundation).  Man  builds 
many  kinds  of  structures.  However,  they 
can  be  classified  as:  dams,  roads,  tunnels, 
bridges,  marine  projects,  utility  networks, 
towers,  monuments,  and  buildings. 

Substructures  all  rest  upon  bearing  sur- 
faces. In  addition,  they  may  have  footings, 
walls,  or  piers.  (Study  Figs.  36-7  and  36-8.) 

Superstructures  may  be  classed  as  mass, 
bearing  wall,  and  framed  types.  There  are 
some  projects  which  are  hard  to  classify, 
but  most  constructed  works  easily  fit  into 
one  r>f  the  groups. 

You  will  next  study  how  substructures 
are  built.  After  a study  of  substructures,  a 
study  of  superstructures  will  follow. 


Terms  to  Know 

structure 
bearing  surface 
substructure 

a.  footings 

b.  walls 

c.  piers 

Think  About  It ! 

1.  Can  you  think  of  structures  that  do  not 
have  substructures?  If  so,  give  two  ex- 
amples. 

2.  List  three  superstructures  within  one 
city  block  of  where  you  are  at  this  mo- 
ment. Identify  one  mass,  one  bearing 
wall,  and  one  framed  superstructure  in 
your  list. 


utility  networks 
marine  projects 
superstructures 

a.  mass 

b.  bearing  wall 

c.  framed 


Finished  Project 
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Setting 

Foundations 


The  preparations  necessary  for  starting 
to  build  a structure  have  been  completed. 
The  site  has  been  cleared.  The  size  and 
shape  of  the  structure  have  been  laid  out 
on  the  site  by  the  surveyor.  The  necessary 
earth  has  been  removed.  Where  stabiliza- 
tion of  earth  or  structures  was  necessary, 
this  has  been  done.  We  are  now  ready  to 
begin  building  the  structure.  The  first  step 
is  to  build  the  foundation  (substructure). 

To  understand  about  foundations,  we 
must  know  why  foundations  are  needed  and 
what  the  parts  of  a foundation  are.  We 
must  know  what  types  of  foundations  are 
used,  what  materials  are  used  in  them,  and 
how  they  are  built. 


Fig;  37-1;  A sturdy  foundation  is  necessary  to  support 
the  weight  of  the  superstructure;  This 
foundation,  under  construction,  will 
support  a chimney. 


Fig.  37-2.  The  foundation  of  a structure  is  much  like 
your  foot  when  you  are  standing. 
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The  Reason  for  Foundations 

The  foundation  of  a structure  is  the  part 
which  supports  the  weight  of  the  whole 
structure.  It  must  cover  enough  area  to 
spread  the  whole  weight  of  the  structure 
onto  the  earth  on  which  it  is  built  so  that 
the  structure  will  not  sink  into  the  soil.  See 
Fig.  37-1. 


What  a Foundation  Does 

The  foundation  of  a structure  is  much 
like  your  foot  when  you  are  standing.  On 
hard  soil  a structure  would  use  a footing 
that  spreads  out  like  your  foot.  Such  a foot- 
ing is  called  a spread  footing,  Fig.  37-2A. 

If  you  are  standing  on  loosely  packed 
snow,  you  would  sink  part  way  into  it.  You 
could  only  stay  on  the  surface  by  using  snow 
shoes  which  cover  a greater  area  than  the 
sole  of  your  shoe.  It  is  much  the  same  for 


foundations  that  must  be  placed  on  soft  soil. 
You  might  use  a larger  spread  footing  or 
you  might  use  a raft  (slab)  footing  to  keep 
the  foundation  from  sinking,  Fig.  37-2B. 

When  the  snow  has  turned  to  slush,  your 
foot  will  sink  into  it  until  it  reaches  a hard 
surface  under  the  slush.  The  only  way  you 
could  walk  on  the  slush  would  be  on  stilts 
which  would  reach  down  to  a harder  sur- 
face. For  foundations  to  be  placed  on  wet, 
marshy  soil,  something  like  stilts  is  used. 
These  are  called  piles.  They  are  driven 
down  to  the  firm  earth  below  the  marsh. 
Fig.  37-2C. 

The  foundations  for  all  parts  of  a struc- 
ture should  be  supported  on  the  same  kind 
of  soil.  If  part  of  a foundation  is  placed  on 
rock  and  the  other  part  is  placed  on  marshy 
soil,  the  part  on  the  soft  soil  will  sink  and 
tilt  the  foundation.  The  result  will  be  to  tilt 
the  whole  structure  very  much  as  the  Tower 
of  Pisa  is  tilted.  Fig.  37-3. 


Parts  of  a Foundation 

A foundation  (substructure)  can  be  di- 
vided into  three  parts: 

1.  The  hearing  surface  (part  of  the 
earth  on  which  the  foundation  rests), 

2.  The  footing  (flat  part  of  the  founda- 
tion which  spreads  the  load  of  the 
structure  above  it) , and 

3.  The  upright  supports,  such  as  walls  or 
piers.  The  upright  supports  rise  above 
the  footing  to  form  the  rest  of  the  sub- 
structure, Fig.  37-4. 


Types  of  Footings 

Three  kinds  of  footings  are  used  most  of- 
ten. These  are:  (1)  spread  footings,  ( 2) 
raft  or  slab  footings,  and  (3)  pile  cap 
footings. 

Spread  footings  are  the  simplest  kind. 
ThQT  are  used  on  bearing  surfaces  of  rock 
or  of  soil  that  is  packed  solidly  like  hard 
clay.  The  spread  footing  is  a pad  which  may 


Fig.  37-3.  The  tower  of  Pisa  leans  about  14  feet. 
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be  long  and  rather  narrow  to  go  under  a 
wall,  or  it  may  be  square  or  rectangular 
where  it  is  to  go  under  a pier  or  post,  Fig. 
37-5. 

Where  the  soil  of  the  bearing  surface  is 
soft  or  where  there  might  be  vibration  due 
to  an  earthquake,  a spread  footing  cannot 
be  used.  In  such  cases  a raft  or  slab  footing 
may  be  used.  A raft  footing  spreads  the 
weight  of  the  structure  over  a very  large 
area.  It  is  used  only  with  small,  lightweight 
structures  where  the  bearing  surface  is  too 
soft  for  a spread  footing.  The  raft  footing 
usually  covers  a larger  area  than  that  of 
the  structure  it  supports.  We  can  say  that 
the  structure  “floats”  on  the  soil.  Fig.  37-6. 

When  the  bearing  surface  is  in  marshy 
land,  in  sand,  or  under  water  as  in  a river, 
lake,  or  along  the  ocean,  we  must  find  a 
good  bearing  surface.  To  do  this,  piles  are 
driven  down  through  the  soft  or  wet  soil 
until  a strong  supporting  layer  of  hard  clay 
or  rock  is  reached.  A footing,  like  a spread 
footing,  is  then  built  on  top  of  the  piles. 
This  footing  is  called  a pile  cap.  Fig.  37-7. 


Fig.  37-4.  The  foundation  elements  can  be  seen  in 
this  photograph  of  the  substructure 
construction  of  a shopping  center 
basement. 


Foundation  Materials 

Different  structures  need  different  kinds 
of  bearing  surfaces,  depending  upon  how 
heavy  the  structures  are.  The  designer 


Fig.  37-5.  Spread  footing. 


Fig.  37-6.  Raft  (slab)  footing. 


Fig.  37-7.  Pile  footing. 
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must  decide  what  kind  of  bearing  surface 
will  support  the  weight  of  each  structure. 

Today,  concrete  is  the  most  common  ma- 
terial used  for  footings.  Sometimes  only 
concrete  is  used,  but  it  can  be  made  stronger 
by  burying  steel  rods  in  it  for  reinforce- 
ment. Examples  of  other  footing  materials 
are  crushed  rock  or  gravel  for  highways  or 
airport  runways. 
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Most  footings  are  horizontal.  Sometimes 
footings  are  vertical.  Driven  pilings  are  an 
example  of  vertical  footings.  (See  Fig.  37- 
8.)  Many  times  vertical  piers  or  walls  are 
added  to  horizontal  footings  to  build  them 
up  to  grade  level.  Piers,  piles,  or  foundation 
walls  may  be  made  of  natural  materials 
such  as  stone  or  wood.  They  also  may  be 
made  of  reinforced  concrete  or  steel. 


Fig.  37-8.  Piles  are  vertical  footings.  These  piles 

support  the  Chesapeake  Bay  Bridge  and 
Tunnel.  The  men  shown  here  are  cutting 
the  concrete  piles  to  the  correct  length. 
In  completing  the  substructure,  pile  caps 
will  be  put  on  top  ot  the  piles. 


How  to  Set  Foundations 

The  bearing  surface  is  first  prepared  to 
support  the  footing.  Fig.  37-9.  When  the 
bearing  surface  has  been  prepared,  the 
footing  can  be  placed.  Since  most  footings 
are  made  of  concrete,  let  us  see  how  they 
are  made.  Concrete  footings  are  made  in 
six  steps. 

1.  Forms  or  molds  are  set  in  place. 

2.  Rodsetters  place  steel  reinforcement 
in  the  forms  where  it  is  needed. 

3.  A mixer  operator  puts  materials  into  a 
drum  and  mixes  them  to  make  con- 
crete. 


Fig.  37-9.  The  first  step  in  constructing  the  foundation 
is  to  prepare  the  bearing  surface.  This 
machine  prepares  the  bearing  surface  for 
concrete  highways. 
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4.  Concrete  laborers  and  cement  finishers 
place  the  concrete  in  the  form,  Fig. 
37-10. 

5.  The  cement  finishers  compact  the  con- 
crete in  the  form  and  finish  the  surface 
of  the  concrete. 

6.  After  the  concrete  has  set,  the  labor- 
ers remove  the  formwork. 

Sometimes,  the  superstructure  rests  di- 
rectly on  the  footing.  An  example  of  this  is 
when  a highway  surface  of  concrete  is 
placed  over  compacted  fill.  Other  times,  af- 
ter the  footing  has  been  finished,  the  next 
step  is  to  place  upright  parts  of  the  sub- 
structure on  the  footing. 

If  the  upright  parts  are  to  be  made  of 
concrete,  the  six  steps  used  in  building  the 
footing  will  be  repeated.  If  they  are  to  be 
made  of  stone,  brick,  or  concrete  block, 
masons  will  lay  the  foundation  walls  or 
piers  on  the  footing.  Also,  ironworkers  or 
carpenters  may  fasten  columns  to  the  foot- 
ing with  heavy  bolts  that  were  set  in  the 
footing  while  the  concrete  was  wet.  These 
columns  usually  are  capped  by  beams  (hor- 
izontal pieces  that  lay  on  top  of  the 
columns). 


Fig.  37-10.  Concrete  is  being  placed  in  a form  by 
concrete  laborers.  Very  strong  men  ore 
required  for  this  work. 


Setting  Concrete  Foundations 


Summary 

After  the  site  has  been  prepared,  the 
next  step  in  building  a structure  is  to  set 
the  foundation  (substructure).  The  three 
parts  of  most  foundations  are : (1)  a bear- 
ing surface,  (2)  a footing,  and,  sometimes, 
(3)  a substructure  rising  above  the  footing 
which  may  be  a wall,  a pier,  or  a column. 

The  hearing  surface  must  be  solid  enough 
to  support  the  weight  of  the  whole  struc- 
ture. The  bearing  surface  may  be  rock  or 
soil  at  the  surface  of  the  earth;  it  maiy  be 
a few  feet  below  the  surface,  or  it  may  be 
many  feet  under  a swamp,  a river,  or  an 
ocean. 

Footings  usually  are  made  of  concrete. 
Sometimes,  as  is  the  case  with  highway 
construction,  they  are  made  of  compacted 
fill  such  as  crushed  rock.  Where  firm  soil  is 
very  deep  below  the  earth’s  surface,  the 
footing  may  be  piles  driven  into  the  soil 
with  a pile  cap  placed  on  top  of  them. 
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The  part  of  the  substructure  or  founda- 
tion rising  above  the  footings  may  be  a 
wall.  The  upright  part  of  the  substructure 
also  may  be  piers  or  columns  made  of  con- 
crete, stone,  brick,  concrete  block,  steel,  or 
wood.  Beams  are  placed  on  top  of  the  piers 
or  columns  to  form  the  base  of  the  super- 
structure. 


Terms  to  Know 


spread  footing 
raft  footing 
pile  cap  footing 
bearing  surface 


to  finish  concrete 
to  cure  concrete 
compacted 
foundation  parts 


steel  reinforcement  a.  bearing  surface 

forms  b.  footing 

c.  upright  supports 


Think  About  It! 

1,  What  type  of  footing  would  you  guess  is 
under  your  home?  Your  school?  The 
nearest  bridge?  Do  you  think  they  are 
all  the  same  type? 

2,  Why  has  the  Tower  of  Piza  in  Italy 
leaned  about  14'?  Do  you  know  what  can 
be  done  to  stop  it  from  leaning  any 
farther  ? 


Building  Forms 


In  earlier  readings  you  learned  that  struc- 
tures are  made  up  of  substructures  (foun- 
dations) and  superstructures.  You  also 
learned  that  setting  foundations  is  the  first 
step  in  building  structures.  In  this  reading 
you  will  find  that  building  forms  usually  is 
the  first  step  taken  in  setting  foundations, 
Pig.  38-1. 

Most  foundations  are  made  of  concrete. 
Before  we  can  place  the  concrete,  forms 
must  be  built.  Building  foundation  forms  is 
only  part  of  the  knowledge  about  building 
forms.  A later  reading  on  erecting  concrete 
superstructures  describes  building  forms 
above  the  foundation. 


Giving  Shape  to  Concrete 

Concrete  is  made  of  stone,  sand,  and 
water  bound  together  with  cement.  When 
concrete  has  been  freshly  mixed  and  is  still 
wet,  ,we  can  handle  it  just  as  we  would 
handle  wet  mud.  Shortly  after  it  has  been 
mixed  it  begins  to  set  (get  stiff).  It  finally 
becomes  as  hard  as  stone.  We  can  think  of 
concrete  as  man-made  stone.  In  order  to  get 
the  shape  of  the  slabs,  footings,  walls,  and 
piers  that  we  need,  we  must  shape  the  con- 
crete. Concrete  is  shaped  by  placing  it  into 
forms  while  it  is  still  wet. 

The  forms  for  concrete  are  something 
like  the  molds  into  which  gelatin  is  poured. 
When  the  gelatin  is  set,  it  can  be  dumped 
out  of  the  mold.  It  then  has  the  shape  of  the 
inside  of  the  mold. 

When  we  are  shaping  concrete,  we  do  not 
simply  pour  it  into  the  form  (mold).  We  do 
not  dump  it  out  after  it  has  become  hard. 
Concrete  must  be  carefully  placed  in  the 


form.  Also,  we  remove  the  form,  piece  by 
piece,  leaving  the  concrete  in  the  shape  of 
the  form.  Therefore,  the  form  must  be  built 
so  that  it  can  be  removed  easily  without 
damaging  the  concrete.  Fig.  38-2.  Also,  the 
form  must  be  strong  enough  to  keep  from 
bulging  from  the  weight  of  the  wet  concrete. 
Since  workmen  often  must  stand  on  the  form 
or  climb  around  on  it,  the  form  must  be 
strongly  built  to  protect  it  from  being 
pushed  out  of  shape  before  or  during  the 
concrete  placing  operation. 


Material  for  Forms 

Concrete  foundation  forms  usually  are 
made  of  wood.  They  also  can  be  made  of 
steel,  or  a combination  of  wood  and  steel. 
Wood  is  lighter  in  weight,  easier  to  handle. 


Fig.  38-1.  Carpenters  busily  erect  forms  for  a 


foundation  wall,  foreground,  while  another 
crew  places  concrete  in  a completed  form, 
background. 


O 


212 


Building  Forms 


213 


i 


and  less  expensive  than  other  materials. 
Also,  it  is  easier  to  change  the  size  and 
shape  of  wood  by  using  hand  tools. 

Wooden  forms  are  built  by  carpenters 
working  at  the  construction  site.  The  car- 
penters may  make  every  part  of  the  form 
at  the  site,  or  they  may  assemble  forms  that 
have  been  partly  fabricated  (made)  at  a 
manufacturing  plant.  The  forms  that  we 
will  discuss  here  are  made  entirely  at  the 
construction  site.  See  Fig.  38-3. 

The  wood  or  lumber  used  for  building 
forms  is  of  two  kinds.  First,  there  is  dimen- 
sion lumber.  It  is  called  dimension  lumber 
because  we  speak  of  the  size  of  the  piece  by 
its  dimensions.  For  example,  a piece  of  lum- 
ber approximately  2"  thick  by  4"  wide  is 
called  a “two  by  four.”  Dimension  lumber 
comes  in  even-numbered  lengths  such  as 
8',  10',  or  12'. 

The  second  kind  of  lumber  used  for  build- 
ing forms  is  plywood.  This  comes  in  large 
sheets  4'  wide  and  8'  to  10'  long.  These 
sheets  most  commonly  are  l^'',  i^'',  or  1" 
in  thickness.  They  are  used  to  cover  the 
frame  built  of  dimension  lumber.  Instead  of 
plywood  we  may  use  a kind  of  dimension 
lumber  called  planking,  sheathing,  or  hoards. 
These  usually  are  1"  or  2''  thick  and  may  be 


of  different  widths  from  4''  to  12''.  See  Fig. 
38-4. 


Preparing  the  Materials 

The  first  step  in  building  forms  is  to  pre- 
pare the  materials.  The  lengths  of  the  pieces 
of  dimension  lumber  and  the  sizes  of  the 


Fig.  38-3.  These  forms  are  made  of  wood  and  are 
assembled  on  the  site. 


1 


Fig.  38-2.  Forms  are  built  in  such  a way  that  they 
may  be  removed  without  domaglng  the 
freshly  set  concrete. 


DIMENSION 

LUMBER 


Fig.  38-4.  Form  materials. 
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sheets  of  plywood  that  will  be  needed  must 
be  measured  and  cut.  Common  tools  for 
measuring  are  carpenter’s  squares,  six-foot 
folding  rules,  flexible  metal  measuring 
tapes,  chalk  lines,  and  carpenters’  pencils. 
Fig.  38-5. 


A chalk  line  is  a heavy  string  or  cord.  For 
layout  work  it  is  covered  with  colored  chalk 
dust  and  then  is  stretched  tightly  between 
two  points  on  a line  which  is  to  be  marked. 
When  the  center  of  the  string  is  lifted 
straight  up  from  the  surface  and  then  re- 


B.  Zig-zag  ruler 


D.  Boxwood  marking  gage 


Fig.  38-5.  Carpenter's  common  measuring  tools. 


Fig.  38-6.  This  carpenter  is  cutting  "two  by  four" 

dimension  lumber  for  a form.  How  many  of 
his  tools  can  you  identify? 
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leased,  like  tiie  string  of  an  archer’s  bow,  it 
snaps  back  and  leaves  a faint  line  of  chalk 
dust. 

Carpenters’  pencils  have  a heavy,  rec- 
tangular-shaped lead  in  them  instead  of  a 
round  one.  Because  of  their  shape,  they  are 
easily  sharpened  with  a pocket  knife.  Also, 
because  of  iheir  heavy  leads,  they  do  not 
break  as  easily  as  do  common  lead  pencils. 

After  the  wood  has  been  marked  to  the 
length  or  width  required,  it  is  cut  to  the 
measured  size  by  sawing.  Small  pieces  may 
be  cut  with  a hand  saw.  Larger  pieces  may 
be  sawed  with  an  electric  saw.  See.  Fig.  38- 
6. 

When  the  pieces  required  for  the  forms 
have  been  cut  to  size,  they  then  are  assem- 
bled and  fastened  together.  Usually  the  lum- 
ber in  forms  is  fastened  together  with  nails, 
but  bolts  and  nuts  or  wood  screws  sometimes 
are  used. 
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Form  Parts 

Wood  foundation  forms  are  made  iip  of 
seven  main  parts.  These  are:  (1)  plates, 
(2)  studs,  (3)  walers,  (4)  ties,  (6)  braces 
or  shores,  (6)  stakes,  and  (7)  facing.  Figs. 
38-7  and  38-8.  Plates  are  pieces  of  dimen- 
sion lumber  on  which  the  forms  rest.  They 
usually  are  two  by  fours.  When  plates  are 
used  as  part  of  a wall  or  pier  form,  th^r  are 
fastened  to  the  footing  to  hold  the  form  in 
place. 


Techniques  in  Building  Forms 

We  have  said  that  forms  may  be  made 
completely  at  the  site  or  they  may  be  manu- 
factured in  pieces  or  sections  and  delivered 
to  the  site  for  assembly.  When  forms  are 
completely  made  at  the  site,  they  may  be 
built  in  two  ways.  The  first  way  is  to  build 
it  piece  by  piece  in  place.  To  do  this,  we  first 
place  the  plates  in  position  and  then  nail 
the  studs  to  them.  After  the  studs  are  stand- 
ing upright,  we  then  nail  the  facing  to  the 
studs.  Fig.  38-9.  The  next  step  is  to  set  the 
walers  in  position  and  fasten  the  form  ties 
to  the  walers. 


Fig.  38-8.  This  form  is  made  up  of  panels  which  have 
been  set  in  position. 


Another  way  of  completely  making  the 
forms  at  the  site  is  to  make  up  panels  and 
then  set  the  panels  in  position.  A panel  is  a 
section  of  form  of  a standard  size,  such  as 
4'  X 8'.  Each  panel  has  a plate  at  each  end 
with  studs  nailed  in  between  the  plates.  The 
plywood  or  other  form  facing  is  then  nailed 
over  the  studs.  Standard  size  form  panels 
are  also  made  in  manufacturing  plants. 


Assembling  Forms  in  Place 

No  matter  how  the  forms  are  built,  the 
first  step  in  assembling  them  is  to  lay  out 
their  position  on  the  bearing  surface  or  foot- 
ing. When  getting  ready  to  assemble  forms 
for  slabs  or  spread  footings,  we  mark  the 
position  of  the  inside  of  the  form  by  stretch- 
ing a string  between  two  stakes  driven  into 
the  ground.  One  edge  of  the  plate  then  can 
be  set  along  this  line  and  held  in  place  by 
small  stakes  driven  along  the  outside  edge 
of  the  form.  Fig.  38-10.  If  panels  are  to  be 
used,  the  faces  of  all  the  panels  on  one  side 
of  the  form  are  set  to  the  string  line.  Then 


Fig.  38-9.  These  men  are  assembling  a form  for  a 


thin,  slab  foundation. 
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the  panels  are  fastened  together  by  nailing 
or  bolting  the  stud  in  one  panel  to  the  stud 
in  the  next  panel. 

To  set  forms  for  a wall  or  a pier,  there 
already  is  a slab  or  spread  footing  on  which 
to  work.  A line  can  be  laid  out  on  the 
concrete  surface.  This  line  then  can  be  used 
to  set  the  plate  or  to  set  the  bottom  of  the 
panel  to  be  used.  The  next  steps  in  assem- 
bling forms  are  different  for  slab  or  spread 
footings,  for  walls,  or  for  piers. 


Forms  for  a Slab  Foundation 

Forms  for  large  slabs  or  for  smaller 
spread  footings  are  assembled  in  the  same 
way.  Fig.  38-11.  If  the  slab  or  footing  is  less 
than  a foot  in  thickness,  we  may  need  only 
boards  or  other  facing  material,  some  stakes, 
and  some  bracing  lumber.  If  the  slab  is  thick, 
we  will  need  all,  or  almost  all,  of  the  seven 
parts  of  a form. 

After  we  have  fixed  the  position  of  the 
form  by  using  a chalk  line,  we  can  place  a 
strip  of  facing  upright  against  it  so  that 
the  string  just  touches  the  facing.  We  then 
can  drive  stakes  into  the  ground  tightly 
against  the  facing.  After  the  stakes  have 
been  solidly  driven,  the  facing  is  nailed  to 
the  stakes.  Then  we  must  plumb  (make  ver- 
tical) the  facing  and  nail  a brace  between 
the  top  of  each  stake  and  another  stake 
driven  some  distance  away  to  hold  the  fac- 
ing upright. 

When  panels  are  set  for  a slab  form,  we 
use  many  of  the  same  steps  to  set  them  as 


STAKES  FACING 


Fig.  38-10.  Form  for  a thin  slab  foundation. 


we  do  for  setting  narrow  strips  of  facing. 
Stakes  are  driven  behind  the  panel  and  are 
braced  to  stakes  driven  into  the  ground  some 
distance  away.  Always  remember  that  noth- 
ing can  be  placed  in  front  of  the  facing  be- 
cause that  is  where  the  concrete  is  to  be 
placed. 


Forms  for  a Wall  Foundation 

A wall  almost  always  has  two  sides. 
Therefore,  two  facing.^  are  needed  inside  a 
wall  form.  Sometimes  the  earth  forms  one 
facing. 

The  line  for  one  side  of  the  wall  is 
marked  on  the  concrete  footing.  The  panels 
are  placed  in  position  along  that  line. 
Walers,  in  pairs,  are  nailed  to  the  back  of 
all  the  panels  to  keep  them  in  line.  Bracing 
and  stakes  then  are  put  in  to  hold  the  wall 
in  an  upright  position.  After  this  one  face 
of  the  form  is  in  position,  reinforcing  steel 
is  set.  You  will  learn  how  this  is  done  in  the 
next  assignment. 

The  next  step  is  to  set  the  form  ties.  Fig. 
38-8.  These  are  placed  in  holes  in  the  facing 
and  are  pushed  back  between  the  pairs  of 
walers.  Now  the  panels  for  the  other  side  of 
the  wall  can  be  set  in  position.  Holes  are 
drilled  in  the  facing  so  that  the  metal  tie 
can  be  pushed  through. 

After  the  second  set  of  panels  is  in  posi- 
tion, first  the  walers  and  then  the  bracing 
and  the  stakes  are  set.  One  face  .of  the  form 


Fig.  38-11.  A footing  is  a narrow,  thin,  slab  foundation. 


This  one  will  support  the  weight  of  a 
single-family  home. 
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is  lined  up  by  stretching  a string  along  the 
top  from  one  end  to  the  other.  Then  the  sec- 
ond face  of  the  form  is  set  parallel  to  the 
first  one.  The  distance  between  the  discs  on 
the  form  ties  is  used  to  maintain  the  wall 
thickness  needed.  When  one  side  of  the  form 
is  straight  and  the  facings  on  both  sides 
are  pressing  against  the  discs,  we  are  ready 
to  place  the  concrete.  See  Fig.  38-12. 

Forms  for  a Pier  Foundation 

Piers  may  be  square,  rectangular,  or 
round.  Piers  that  are  to  be  square  or  rec- 
tangular are  formed  with  two  short  sets  of 
wall  forms.  The  forms  may  be  built  in  place, 
or  they  may  be  prefabricated  panels.  See 
Fig.  38-13.  Wall  ties  may  tie  the  faces  of  the 
forms  together  on  opposite  sides.  They  are 
set  and  plumbed  in  the  same  way  as  wall 
forms.  When  they  are  finished,  the  corners 
must  be  checked  with  a carpenter’s  square 
to  be  sure  that  they  are  square.  Bracing 
must  be  used  on  all  four  sides  to  keep  the 
pier  forms  from  moving. 


Fig,  38-12,  The  forms  for  this  retaining  wall  are  the 
manufactured  metal  type.  They  are  moved 
as  one  unit  by  a crane.  Can  you  find  the 
marks  in  the  finished  wall  that  are  made 
by  the  wire  ties? 


Fig.  38-13,  This  manufactured  form  is  used  to  mold 
square  piers. 


Fig,  38-14.  Fiber  form  material  is  used  for  this  round 
pier.  How  is  the  form  material  removed 
when  the  concrete  has  set? 
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When  a round  pier  is  to  be  built,  sections 
of  metal  or  fiber  tubes  are  used.  These  sec- 
tions are  assembled  into  what  looks  like  a 


Fig.  38-15.  Sometimes  the  earth  and  a traveling  form 
are  used  to  support  the  concrete  while 
it  is  setting.  This  technique  is  called 
"slip  form  lining." 


large  piece  of  pipe.  They  are  set  in  place  on 
the  footing  and  are  plumbed  so  they  stand 
straight.  Then  braces  are  used  to  hold  them 
in  position,  Fig.  38-14. 


Summary 

Concrete  is  a wet  material  that  can  be 
shaped  in  forms.  Most  foundation  forms  are 
built  of  wood.  There  are  seven  parts  to  a 
form.  These  are:  (1)  plates,  (2)  studs, 

(3)  walers,  (4)  ties,  (5)  braces,  (6)  stakes, 
and  (7)  facing. 

Forms  may  be  built  in  place,  piece  by 
piece.  They  also  may  be  made  into  panels  at 
the  site,  or  they  may  be  manufactured  in  a 
plant  and  then  brought  to  the  site. 

The  position  of  the  form  for  a foundation 
is  marked  on  the  bearing  surface  for  slabs 
or  footings.  The  position  of  the  form  for  a 
wall  or  pier  is  marked  on  the  footing.  Wall 
and  pier  forms  are  tied  together  with  form 
ties.  All  forms  must  be  carefully  set  and 
lined  up.  They  must  be  plumbed  (vertical  to 
the  earth)  to  stand  straight  and  must  be 
well  braced  to  hold  them  steady  while  the 
concrete  is  placed  into  them. 


Terms  to  Know 

forms 

dimension  lumber 

plywood 

assemble 

retaining  wall 

installing 

plumb 

parallel 


Think  About  It ! 

1.  Look  around  you  or  out  the  window.  Can 
you  identify  at  least  two  concrete  sur- 
faces that  were  shaped  against  forms? 
Were  these  forms  foundation  forms  or 
forms  for  the  superstructure? 


foundation  form  parts 

a.  plates 

b.  studs 

c.  walers 

d.  ties 

e.  braces  or  shores 

f.  stakes 

g.  facing 
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If  we  take  a long  thin  section  of  concrete 
and  try  to  bend  it,  we  find  that  it  will  not 
bend  very  far  before  breaking.  If  all  j'oun- 
dations  could  be  built  of  one  large  piece  of 
concrete,  no  reinforcing  steel  would  be 
needed.  This  would  be  very  expensive  and 
would  take  up  too  much  space.  Therefore, 
to  use  thinner  sections  of  concrete  in  walls 
and  piers,  reinforcing  steel  is  buried  in 
them  to  keep  them  from  cracking  or  break- 
ing. This  reinforcing  steel  must  be  set  in 
the  forms  before  the  concrete  is  placed. 


Kinds  of  Reinforcing  Steel 

Reinforcing  steel  is  the  name  given  to 
round  steel  rods  that  may  be  of  any  diam- 
eter from  Vs"  to  1"  or  more.  Each  size 
rod  has  a number  starting  with  No.  1 
for  a Vs"  rod.  No.  2 for  a 1/4"  rod.  No. 
3 for  a 3/s"  rod  and  so  on.  These  rods  are 
not  smooth  on  the  outside.  If  the  outside  of 
the  rod  were  smooth,  it  might  pull  out  of 
the  concrete.  Each  rod  has  been  run 
through  a machine  at  the  steel  mill  that 
presses  ridges  into  it  in  different  patterns. 
Because  of  the  ridges,  these  are  called  de- 
formed rods.  When  the  rods  are  deformed, 
the  concrete  hardens  tightly  between  the 
ridges  and  the  rods  cannot  be  pulled  loose 
easily.  Reinforcing  rods  are  used  in  all  wall, 
pier,  and  slab  foundations. 

Another  kind  of  reinforcement  that  is 
used  mainly  in  slab  foundations  and  road 
slabs  is  called  reinforcing  mesh.  Reinforc- 
ing mesh  looks  somewhat  like  wire  fencing 
except  that  it  generally  is  made  of  heavier 
wire.  These  wires  cross  each  other  at  right 
angles  to  form  squares.  Where  the  wires 
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cross  they  are  welded  together  at  the  steel 
mill  during  manufacture.  Reinforcing  mesh 
is  made  in  widths  that  may  be  4',  6',  or 
wider  and  in  lengths  that  may  be  as  long  as 
100'.  It  is  delivered  to  the  construction  site 
in  rolls  which  may  be  unrolled  and  spread 
on  the  ground  to  cover  the  whole  area  of 
the  slab.  Fig.  39-1. 


Preparing  Reinforcing  Steel 

The  engineer  who  designed  the  founda- 
tions has  shown  on  his  plans  where  he  wants 
reinforcing  rods  to  be  placed,  the  size  of 
the  rods  he  wants,  and  how  close  together 
the  rods  are  to  be  placed  in  the  concrete. 
The  contractor  who  is  building  the  founda- 


Fig.  39-1.  These  men  are  straightening  a roll  of 

reinforcing  mesh  so  that  it  will  lay  flat  in 
the  form.  When  the  concrete  is  placed, 
they  will  pull  the  mesh  up  into  the 
concrete. 
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tions  gives  a copy  of  the  engineer’s  plans 
to  the  manufacturing  company  where  he 
plans  to  buy  the  reinforcing  steel,  Fig.  39-2. 

When  the  reinforcing  steel  company  re- 
ceives the  engineer’s  plans,  it  makes  up  an- 


other set  of  plans  showing  nothing  but 
lengths,  sizes,  and  bending  needed  for  all 
the  reinforcing  rods  in  the  foundations. 
These  new  plans  are  called  shop  drawings. 
When  they  have  been  completed  and  the 
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Fig.  39-2.  Reinforcing  materials  are  specified  in  the  designer's  plans.  Shop  drawings  are  prepared  from  the 
details  found  on  the  designer’s  plans. 
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engineer  has  approved  the  drawings,  the 
reinforcing  steel  company  gives  them  to  its 
fabricating  shop.  The  shop  workers  cut  and 
bend  the  steel  rods  as  shown  on  the  shop 
drawings. 

The  reinforcing  steel  company  buys  rein- 
forcing rods  from  a steel  mill  in  30'  lengths. 
The  shop  drawings  sent  to  the  fabricating 
shop  might  show  that  10  No.  5 rods,  each 
20'  long,  are  needed  for  horizontal  place- 
ment in  one  wall.  The  drawings  also  may 
call  for  26  No.  6 rods,  10'  long,  for  vertical 
placement  in  the  same  wall.  These  and  all 
the  other  rods  are  cut  to  the  right  lengths 
by  a shearing  machine. 

Suppose  that  the  shop  drawing  shows 
that  the  vertical  rods  are  to  be  bent  so  that 
1'  6"  extends  horizontally  in  the  spread 
footing  and  8'  6"  of  the  same  rod  extends 
vertically  up  the  wall.  When  these  rods 
have  been  cut  to  the  length  needed,  they 
are  taken  to  a bending  machine  and  are 
bent  as  shown  on  the  shop  drawing. 

When  all  of  the  reinforcing  rods  have 
been  cut  to  the  right  lengths  and  have  been 
bent  as  shown  on  the  shop  drawing,  these 
rods  are  put  into  bundles.  Each  bundle  has 


Fig.  39-3.  Reinforcing  rods  are  delivered  to  the  site 
in  bundles. 


the  same  size  and  length  of  rod.  The  bundles 
are  then  tied  togethe).*  with  a piece  of  soft 
wire.  One  bundle  may  have  10  pieces  of 
straight  No.  5 rod  tied  together,  and  an- 
other bundle  may  have  26  pieces  of  bent 
No.  6 rod  tied  together. 

The  shop  drawing  has  a number  assigned 
to  each  size,  each  length,  and  each  kind  of 
bent  rod.  Each  bundle  of  rods  has  the  same 
number  on  a tag  tied  to  that  bundle.  Then, 
when  the  bundles  reach  the  construction 
site,  the  location  of  the  rods  needed  for 
walls,  piers,  or  slabs  can  be  found  easily. 
Fig.  39-3. 


Placing  Reinforcing  Steel 

When  a truckload  of  reinforcing  steel 
reaches  the  site,  it  has  been  cut,  bent,  bun- 
dled, and  tagged.  Workmen  unload  the 
bundles  of  steel  with  a power  crane  if  the 


, Fig.  39-4.  The  man  who  places  reinforcing  steel  is 
called  a rodsetter.  These  steel  rods  will 
add  strength  to  the  concrete  which  is 
placed  around  them. 
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bundles  are  very  large.  The  bundles  must 
be  stacked  as  near  as  possible  to  the  wall, 
pier,  or  slab  in  which  they  are  to  be  placed. 
They  should  not  be  in  the  way  of  the  men 
working  on  the  forms.  They  are  stacked  on 
boards  to  keep  them  clean. 

Reinforcing  steel  is  placed  in  position  in 
the  concrete  form  by  workers  who  are.  called 
rodsetters,  Figs.  39-4  and  39-5.  Reinforcing 
steel  is  usually  placed  1",  2",  or  3"  from  the 
face  of  the  form  so  the  concrete  can  pass  be- 
tween the  form  and  the  reinforcing  steel. 

Shop  drawings  are  used  by  the  rodsetters 
as  they  set  the  reinforcement  steel  in  place. 
In  a slab,  the  plan  may  show.  No.  6 rod  at 
9"  on  center  and  show  in  which  direction 
they  are  to  be  placed.  A second  notation  may 
indicate  No.  4 rod  at  12"  on  center.  The 
rodsetter  carries  the  No.  6 rods  and  lays 
them  one  by  one  on  the  ground  within  the 
form  so  that  there  is  a space  of  9"  from  the 
center  of  one  rod  to  the  center  of  the  next. 
When  these  have  all  been  placed,  he  places 
the  No.  4 rods  across  them  at  right  angles 


Fig.  39-5.  These  rodsetters  are  placing  reinforcing 

steel  at  the  construction  of  a hydroelectric 
dam. 


22  1 

with  12"  from  the  center  of  one  rod  to  the 
center  of  the  next.  Where  the  top  rods  cross 
the  bottom  rods,  he  ties  the  two  rods  to- 
gether with  a short  piece  of  wire.  Fig.  39-6. 

The  mat  of  reinforcing  steel  for  a slab 
must  now  be  raised  so  that  it  is  not  resting 
on  the  ground  and  concrete  can  be  placed 


Fig.  39-6.  Reinforcing  steel  for  a slab  is  placed  before 
the  concrete  is  placed.  The  reinforcing 
rods  protruding  at  the  left  of  the  picture 
are  dowels  for  a pier. 


Fig.  39-7.  Small  blocks  of  concrete  keep  this  mat  of 
reinforcing  steel  off  the  ground. 
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under  it.  It  must  be  kept  off  the  ground  un- 
til all  the  concrete  is  placed.  There  are  two 
common  methods  of  holding  the  reinforce- 
ment off  the  bottom  of  the  form.  Small 
concrete  blocks  may  be  placed  under  it 
every  few  feet.  These  blocks  are  the  same 
thickness  as  the  distance  the  steel  is  to  be 
off  the  form  bottom.  A 3"  block  is  used  if 
the  steel  is  to  be  3"  off  the  ground,  Fig.  39-7. 


Fig.  39-8.  The  bent  rods  form  dowels  which  will  help 
support  the  wall. 


Fig.  39-9.  Vertical  rods  are  tied  to  the  dowels  after 
the  slab  has  set. 


In  addition  to  concrete  block  supports, 
bent  pieces  of  metal,  called  chairs,  may  be 
used.  High  chairs  are  used  where  there  are 
two  levels  of  reinforcing  steel  in  the  same 
slab.  They  are  used  on  the  level  near  the 
top  surface.  Low  chairs  are  used  to  support 
the  bottom  level.  Because  chairs  are  made 
of  wire  and  would  be  pushed  into  the  ground 
under  the  weight  of  the  concrete,  they  can- 
not be  used  for  slabs  built  on  the  ground. 
After  the  reinforcing  steel  is  in  place,  we 
are  ready  to  place  the  concrete  in  a slab 
form. 

Spread  footings  for  walls  and  piers  have 
the  same  kind  of  mat  prepared  as  that  for 
the  slab  just  described.  In  addition,  we  have 
to  provide  for  bent  rods  called  dowels  that 
are  to  be  partly  in  the  footing  and  partly  in 
the  wall  or  pier.  Figs.  39-6  and  39-8. 

When  the  footing  has  been  placed  and 
the  concrete  has  set  up  or  hardened,  the 
braces  and  stakes  used  to  hold  the  vertical 
steel  are  removed.  One  face  of  the  wall 


•ASSEMBLED  REINFORCING 
STEEL  FOR  COLUMN 


Fig.  39-10.  The  reinforcing  steel  in  a pier  is  often  set 
up  and  then  put  in  place  for  tying  to 
dowels. 
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form  is  now  built.  The  horizontal  rods  to  be 
used  in  the  wall  are  tied  to  the  vertical 
rods,  the  ends  of  which  are  now  buried  in 
the  footing  concrete.  See  Fig.  39-9. 

Walls  often  have  two  mats  of  steel,  one 
near  each  face  of  the  concrete.  Both  mats 
may  have  vertical  rods  embedded  in  the 
concrete  footing,  or  one  may  simply  start  at 
the  top  of  the  footing  and  go  upward.  When 
both  mats  have  been  tied  in  place,  the  sec- 
ond face  of  the  form  is  built  and  tied  to  the 
first  one  with  form  ties.  Before  concrete  can 
be  placed  in  this  form,  the  steel  must  be 
checked  to  be  sure  that  it  is  exactly  the 
right  distance  from  the  face  of  the  form. 
To  hold  it  in  position,  the  two  mats  either 
are  tied  to  the  form  ties  or  a nail  is  driven 
into  the  form  every  few  feet  and  the  mat 
of  reinforcing  steel  is  tied  to  the  nails. 

In  setting  the  reinforcing  steel  for  piers, 
mats  of  steel  are  not  generally  used  unless 
the  piers  are  very  large.  In  smaller  piers, 
the  vertical  rods  are  held  in  position  by  a 
rod  that  has  been  bent  to  the  shape  of  the 
cross  section  of  the  pier.  These  shaped 
pieces,  called  hoops,  are  tied  to  the  vertical 
rods.  They  are  spaced  along  the  vertical 
rods  according  to  the  specifications  on  the 
shop  plan.  After  the  pier  form  is  in  place, 
the  reinforcement  is  fastened  in  position  so 
that  it  will  be  the  right  distance  from  the 
faces  of  the  form.  Fig.  39-10. 


Summsry 

All  foundation  walls  built  of  concrete 
must  have  reinforcing  steel  in  them.  Rein- 
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forcing  steel  may  be  either  deformed  steel 
rods  which  are  set  at  right  angles  to  each 
other  and  tied  in  place,  or  it  may  be  rein- 
forcing mesh.  Reinforcing  steel  is  set  by 
rodsetters  using  a shop  drawing  showing 
the  size,  position,  and  number  of  reinforc- 
ing rods  to  be  used. 

In  a foundation  slab,  either  reinforcing 
rods  or  reinforcing  mesh  may  be  used.  This 
is  set  in  place  after  the  forms  have  been 
built.  Reinforcing  steel  for  walls  is  set  in 
place  after  one  side  of  the  form  has  been 
erected.  Reinforcing  steel  for  piers  is  set 
in  place  before  any  of  the  forms  are  erected. 


Terms  to  Know 

reinforcing  rods 
reinforcing  mesh 
rodsetter 
on  center 
hoops 


Think  About  It! 

1.  Why  do  you  think  reinforcing  steel  rods 
are  deformed  (ridges  on  the  surfaces  of 
the  rods)  ? Would  smooth-surfaced  rein- 
forcing steel  work  as  well?  Why? 

2.  Does  reinforcing  steel  in  concrete  allow 
the  solid  concrete  mass  to  “bend"?  In  a 
dictionary  or  encyclopedia,  look  up  “ten- 
sile" or  “tensile  strength."  Does  the 
meaning  of  these  terms  provide  a hint? 


chairs 

a.  high  chairs 

b.  low  chairs 
dowels 

deformed  rods 


The  forms  for  the  concrete  foundations 
have  been  set,  tied  together,  and  braced  into 
position.  The  reinforcing  steel  has  been  set 
in  the  forms  and  tied  in  place  so  that  it  will 
not  move  when  concrete  is  placed  around  it. 
Fig.  40-1.  We  are  now  ready  to  prepare  the 
concrete  to  place  in  the  forms. 

Concrete  is  made  of  crushed  rock  or 
gravel  that  is  mixed  with  sand,  Portland 
cement,  and  ivater.  Each  of  these  must  be 
specially  prepared  before  it  can  be  used  in 
the  concrete.  In  addition  to  the  basic  ingre- 
dients, most  modern  concrete  contains  at 
least  one  admixture  ' {special  additive). 
These  admixtures  are  used  to  change  the 
basic  nature  of  concrete.  For  example,  they 
may  speed  up  or  slow  down  hardening  time. 


Fig.  40-1.  The  form  must  be  ready,  including  tying 
reinforcing  ste6l,  before  concrete  can  be 
placed. 


This  lesson  describes  how  the  ingredients 
used  in  making  concrete  are  prepared, 
measured,  and  mixed. 

Preparing  Coarse  Aggregate 

Gravel  or  crushed  rock  is  used  for  coarse 
aggregate.  Gravel  (small  stones)  is  found 
in  natural  deposits  on  the  earth’s  surface. 
The  stones  are  various  sizes  and  shapes. 
Generally  they  have  rounded  edges,  and  most 


Fig.  40-2.  A rock  crusher  reduces  the  size  of  the 
material. 


226 


Mixing  Concrete 


227 


of  them  are  shaped  like  balls  or  spheres. 
Crushed  rock  is  manufactured  by  breaking 
rock  into  pieces  in  a rock  crusher,  Fig.  40-2. 
Pieces  of  crushed  rock  have  sharp  edges  and 
may  be  shaped  much  like  cubes.  This  is  the 
best  shape  for  aggregate.  If  the  rock  is  too 
soft,  it  will  crush  into  powder  which  can- 
not be  used.  Some  kinds  of  rock  break  up 
into  thin,  flat  pieces  which  also  should  not 
be  used  for  concrete. 

The  gravel  or  crushed  rock  that  is  used  in 
concrete  is  called  coarse  aggregate,  Fig.  40- 
3.  The  coarse  aggregate  should  not  only 
have  most  of  its  pieces  either  round  or 
square  in  shape,  but  these  pieces  should  also 
be  the  correct  size.  To  get  the  sizes  which 
are  needed,  coarse  aggregate  is  graded 
(sized)  from  the  largest  to  the  smallest  sizes 
used  in  concrete.  The  largest  size  of  stone 
generally  used  in  coarse  aggregate  is  21/^", 
and  the  smallest  size  is  l^". 

The  largest  size  of  coarse  aggregate  is 
chosen  to  suit  the  position  of  the  reinforcing 
steel.  We  have  said  that  reinforcing  steel 
may  be  placed  1",  2",  or  3"  from  the  face  of 
the  form.  We  must  be  able  to  get  the  coarse 
aggregate  between  the  face  of  'the  form  and 
the  reinforcing  steel.  If  the  distance  is  1", 
the  largest  size  of  coarse  aggregate  must  be 
only  If  the  distance  between  the  steel 
and  the  form  is  2",  the  largest  size  of  coarse 
aggregate  would  be  A second  reason 

for  using  the  largest  size  aggregate  possible 
is  to  reduce  the  amount  of  cement  paste  in 
the  total  mix.  This  both  saves  money  and 
improves  the  quality  of  the  concrete. 


Preparing  Fine  Aggregate 

The  sand  that  is  used  in  concrete  is  called 
fine  aggregate.  Just  as  with  coarse  aggre- 
gate, fine  aggregate  has  different  sizes.  It  is 
graded  (screened)  to  get  the  different  sizes 
used  in  concrete.  See  Fig.  40-4. 

Generally,  both  the  coarse  aggregate  and 
the  fine  aggregate  are  v/ashed  before  being 
graded  (sized).  Washing  removes  particles 


that  are  too  small.  Rock  dust  or  clay  often 
found  in  stone  or  sand  would  be  examples  of 
such  particles.  The  prepared  aggregate  is 
stockpiled  until  it  is  needed.  Fig.  40-5. 


Fig.  40-3.  Coarse  aggregate  is  used  in  making 
concrete.  This  photograph  shows  the 
smallest  size  to  the  largest  size. 


Fig.  40-4.  Fine  aggregate  also  is  graded  into  various 
sizes. 
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Preparing  Cement 

The  cement  used  in  concrete  is  Portland 
cement.  Portland  cement  is  made  from  a 
certain  kind  of  limestone  that  is  found  in 
deposits  below  the  earth’s  surface.  The  lime- 
stone is  quarried  (broken)  out  of  its  solid 
deposit  in  pieces.  Then  it  is  crushed  to  a fine 
powder  in  a crusher.  Some  clay  or  shale  is 
also  crushed  and  mixed  with  the  limestone 
in  the  right  amounts.  The  mixture  of  lime- 
stone and  clay  is  fed  into  a rotary  kiln, 
(furnace)  and  heated  at  a temperature  of 
2,700°  Fahrenheit.  During  this  process,  it 
forms  a porous  mass  called  a clinker.  The 
clinker  is  taken  from  the  kiln  and  ground 
to  a powder.  Then  a small  amount  of  gyp- 
sum much  like  the  lime  used  in  masonry  is 
added  to  make  the  Portland  cement.  Figs. 
40-6  and  40-7. 

When  Portland  cement  is  mixed  with  wa- 
ter, it  forms  a paste  that  becomes  firm  or 
sets  in  about  two  hours.  After  the  paste  sets 
up,  it  slowly  becomes  much  harder.  The 
setting  up  and  the  hardening  of  the  cement 
paste  is  caused  by  a chemical  reaction  be- 


Fig. 40-5.  Stockpiling  aggregate  to  be  used  in 
making  concrete. 


tween  the  cement  and  the  water.  This  is 
called  hydration. 

Since  oil  or  dirt  in  concrete  will  interfere 
with  the  hydration  of  the  cement,  the  water 
used  must  be  clean.  Sea  water  taken  from 
the  ocean  has  a great  amount  of  salt  and 
cannot  be  used.  It  is  often  said  that  the 
water  used  in  concrete  should  be  fit  to  drink. 
The  water  used  in  concrete  is  much  the  same 


Fig.  40-6.  From  this  control  room  in  a modern  cement 
manufacturing  plant,  a few  operators 
control  and  monitor  the  material. 


Fig.  40-7.  A cement  plant  where  Portland  cement  is 
manufactured. 
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as  that  which  comes  from  the  faucet  in  your 
home. 


Using  Admixtures 

Modern  concrete  technology  has  been  ex- 
panded by  the  use  of  admixtures  or  special 
additives  which  are  to  be  found  in  most  of 
the  concrete  placed  today.  Common  admix- 
tures are  entraining  agents  (substances 
which  hold  air  bubbles  in  the  concrete), 
water  reducing  agents  (substances  which 
thicken  the  mix),  retarders  (substances 
which  slow  the  hardening),  and  accelera- 
tors (substances  which  speed  the  harden- 
ing). Admixtures  help  make  concrete  easier 
to  work  with  and  extend  its  usefulness. 


Measuring  and  Mixing  Concrete 

When  concrete  is  ordered  to  fill  the  forms 
for  foundations,  it  is  ordered  by  the  cubic 
yard.  To  find  how  much  is  needed,  the  di- 
mensions or  sizes  of  the  space  inside  the 
forms  are  multiplied  to  get  the  cubic  feet  of 


Fig.  40-8.  In  this  mixing  plant,  concrete  is  made  by 

mixing  crushed  rock,  sand,  portland  cement, 
and  water. 


space  in  the  forms.  This  number  of  cubic 
feet  is  then  divided  by  27  to  get  the  number 
of  cubic  yards  of  concrete  needed. 

When  concrete  is  mixed,  each  of  the  ingre- 
gredients  is  measured  or  weighed  in  pounds. 
Even  the  water  is  included.  The  ingredients 
for  concrete  are  mixed  at  a concrete  mixing 
plant.  Fig.  40-8.  There,  the  workers  are 
able  to  figure  the  weight  of  the  materials 
for  any  amount  or  kind  of  mix. 

Mixers  are  part  of  the  mixing  plant  or 
are  mounted  on  trucks.  Concrete  may  be 
mixed  at  the  mixing  plant  and  only  be  agi- 
tated in  a truck,  or  it  may  be  mixed  at  the 
same  time  that  it  is  being  hauled  to  the  con- 
struction site.  The  practice  used  depends 
upon  the  length  of  the  haul,  the  size  of  the 
job,  and  the  concrete  requirements.  Most  of 
the  hauling  trucks  can  be  used  either  as  a 
mixer  or  an  agitator.  Fig.  40-9. 


Summary 

In  concrete,  the  stone  is  called  the  coarse 
aggregate,  and  the  sand  is  called  the  fine 
aggregate.  Both  of  these  aggregates  must 
be  carefully  cleaned  and  graded  to  size  be- 
fore they  can  be  used.  Cement  in  concrete  is 
manufactured  from  a special  limestone  to 
which  clay  is  added  before  the  two  materials 
are  heated  into  a clinker.  The  clinker  is 
ground  to  a fine  powder  called  portland 
cement. 


Fig.  40-9.  Ready-mixed  concrete  is  being  delivered 


to  the  site. 
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Concrete  is  mixed  from  the  two  aggre- 
gates, cement,  and  water.  The  amount  for 
each  is  carefully  measured.  Admixtures 
also  may  be  added  to  the  concrete.  These  are 


then  poured  into  a mixer.  A concrete  truck 
usually  hauls  the  concrete  to  the  construc- 
tion site  where  it  is  placed  to  become  part  of 
a structure. 


lUil^ 


Terms  to  Know 


concrete 

admixture 

additive 

coarse  aggregate 

fine  aggregate 

screened 

stockpiling 

Portland  cement 

kiln 

clinker 


hydration 
mixer 
agitator 
graded 
types  of 

admixtures 

a.  entraining  agents 

b.  water  reducing 

agents 

c.  retarders 

d.  accelerators 


Think  About  It! 

1.  What  is  the  difference  between  cement 
and  concrete? 

2.  Look  in  your  telephone  directory  and  find 
out  how  many  “ready-mix”  concrete  mix- 
ing plants  are  located  in  your  community. 


i 


Placing  and 
Finishing  Concrete 

{ 

The  forms  for  the  concrete  foundation 
have  been  completed.  The  reinforcing  steel 
has  been  set,  tied,  and  fastened  in  its  posi- 
tion in  the  forms.  The  materials  for  the 
, concrete  have  been  prepared,  and  the  con- 
crete has  been  mixed.  We  are  now  ready  to 
place  the  concrete  in  the  forms. 

Concrete  may  be  mixed  on  the  site,  at  a 
batching  plant  (Fig.  41-1),  or  may  even  be 
1 mixed  on  the  way  to  the  construction  site  in 

! a transit  mix  truck  which  has  a large  drum 

[ on  it.  The  drum  turns  slowly  during  its  trip 
( from  the  batching  plant  to  the  construction 
I site  to  keep  the  concrete  mixed.  In  unload- 

I ing  the  concrete  and  placing  it,  every  step 

! must  be  done  carefully  to  keep  the  heavy 
I particles  from  separating  from  the  rest  of 

[ the  mixture. 

i 

i 


Fig.  41-1.  For  large  jobs,  concrete  is  often  mixed  at 
a batching  plant. 


Unloading  and  Moving  Concrete 

When  the  truck  driver  is  ready  to  unload 
the  concrete,  he  reverses  the  dnm.  This 
moves  the  concrete  out  of  a gate  that  has 
been  opened  to  let  the  concrete  flow  from 
the  truck.  The  truck  also  carries  a small 
chute,  Fig.  41-2.  One  end  of  this  chute  fits 
under  the  gate,  and  the  concrete  flows  into 
it.  The  chute  slopes  down  from  the  gate  to- 
ward the  ground.  At  the  lower  end  of  the 
chute  there  must  be  a container  to  hold  the 
flowing  concrete. 

If  the  concrete  has  been  properly  mea- 
sured and  mixed,  we  should  get  out  of  the 
drum  a gray  material  that  flows  as  slowly 
as  a thick  pancake  batter.  This  concrete 
sets  quickly.  Because  the  concrete  has  been 
traveling  for  some  time,  it  must  be  put  into 
the  forms  as  rapidly  as  possible,  for  it  must 
be  in  the  forms  in  its  final  position  before 
it  sets. 

The  kind  of  container  into  which  the  con- 
crete is  dumped  depends  on  where  the  con- 
crete is  to  be  used.  When  the  concrete  is 
to  be  placed  near  the  truck  chute,  it  may  be 
placed  directly  into  the  form.  Of  course, 
this  easy  placement  of  the  concrete  does  not 
happen  often. 

If  the  concrete  is  to  be  used  quite  a dis- 
tance off  the  ground,  it  is  often  put  into  a 
large  bucket  that  is  lifted  by  a crane  and 
swung  into  position  over  the  form.  Fig.  41- 
3.  Each  bucket  will  hold  from  1 to  3 cubic 
yards  of  roncrete.  This  concrete  can  be 
dumped  into  a form  by  opening  the  gate  in 
the  bottom  of  each  bucket. 

When  the  concrete  must  be  used  on  the 
ground  beyond  the  truck  chute,  concrete 
buggies  may  carry  it  from  the  truck  to  its 
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position.  These  buggies  hold  only  6 to  11 
cubic  feet  of  concrete.  They  are  small  buck- 
ets mounted  on  wheels.  Sometimes  they  are 
driven  by  motor  and  sometimes  they  are 
pushed  by  hand,  Fig.  41-4. 


Fig.  41-2.  The  tronsU-mix  truck  is  orten  driven  onto 
the  construction  site  to  unload  the 
concrete. 


Fig.  41-3.  Concrete  is  put  into  a large  bucket  to  be 
lifted  by  a crone. 


At  very  large  sites,  concrete  may  be  tem- 
porarily dumped  into  steel  tanks  called 
hoppers,  which  may  be  located  at  various 
points  around  the  site.  From  these,  it  can 
be  dumped  into  concrete  buggies  which  de- 
liver the  concrete  to  its  destination.  This  is 
done  so  that  the  delivery  truck  may  return 
to  the  batching  plant.  While  the  truck  is 
gone,  each  hopper  can  supply  concrete  to  a 
number  of  buggies.  Thus,  the  expensive 
truck  is  used  more  efficiently. 

Usually,  the  concrete  is  placed  by  using 
chutes,  buggies,  buckets,  or  hoppers.  On 
large  projects,  however,  placing  concrete 
can  be  done  much  faster  by  using  conveyors 
(endless  moving  belts)  or  by  pumping  it 
through  hoses..  Conveyors  and  pumps  place 
concrete  at  the  rate  of  at  least  80  to  40 
cubic  yards  per  hour.  Conveyors  are  the 
cheapest  possible  way  to  place  large 


Fig.  41-4.  When  fhe  concrete  cannot  be  ploced  ^ 

directly  from  the  chute,  it  moy  be  corried  \ 

from  the  truck  in  concrete  buggies. 
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amounts  of  concrete  which  require  interme- 
diate handling  between  truck  and  form. 
Although  they  work  well  for  most  jobs,  con- 
veyors are  not  presently  suited  to  raising 
concrete  straight  up.  Pumps,  however,  work 
well  for  this. 


Placing  and  Consolidating  Concrete 

In  locations  where  concrete  is  to  be  thick, 
it  is  placed  in  layers  about  12"  deep.  After 
each  layer  is  placed  into  the  form,  it  is  agi- 
tated (worked)  with  a rod  or  shaken  by  a 
vibrator  to  consolidate  the  concrete,  Fig. 
41-6.  A vibrator  ‘>s  a tube  that  is  closed  at 
one  end.  It  is  about  12"  in  length  and  2"  or 
3"  in  width.  A long  hose  containing  a flex- 
ible shaft  is  fastened  to  the  open  end  and 
put  down  into  the  wet  concrete.  The  shaft 
in  the  hose  is  turned  by  a gasoline  engine 
or  an  electric  motor  which  causes  the  tube 
or  vibrator  head  to  shake.  The  vibration 
forces  the  concrete  tightly  against  the  form 
and  gets  rid  of  air  bubbles.  Vibrating  keeps 
the  concrete  mixed,  levels  the  top  of  the 
layer,  and  mixes  the  top  layer  of  concrete 


Fig.  41*5.  A vibrator  is  used  to  settle  the  concrete 
oround  the  forms  ortd  the  reinforcement. 


with  the  layer  beneath  it.  For  thin  layers 
of  concrete,  like  sidewalks,  vibrating  is  not 
needed. 

If  a wall  form  is  very  deep,  the  concrete 
is  dumped  from  a small  hopper  that  has  a 
chute  fastened  to  it.  This  chute  is  made  up 
of  short  sections  of  tubing  that  are  loosely 
fastened  together.  Because  of  this,  it  is 
sometimes  called  an  elephant  trunk.  Various 
lengths  of  chute  are  needed  for  filling  up  a 
deep  form  in  order  to  be  able  to  control  the 
placing  of  the  concrete.  If  the  concrete  were 
allowed  to  fall  a long  way  without  being 
confined  by  the  chute,  the  heavy  pieces  in 
the  mixture  would  plunge  to  the  bottom  of 
the  form. 


Leveling  Concrete 

When  all  the  concrete  has  been  placed, 
the  concrete  surface  should  be  at  the  same 
level  as  the  top  of  the  form.  To  level  the 
concrete,  we  use  a straightedge  rested  on 
screeds  (guides  for  leveling  the  surface). 
The  straightedge  is  a long  piece  of  straight 
wood  or  metal.  One  end  of  the  straightedge 
rests  on  the  top  of  one  side  of  the  form  while 
the  other  end  rests  on  the  opposite  side  of 
the  form  (also  called  screeds).  Cement  fin- 


Fig.  41*6.  After  beirtg  ploced,  the  concrete  is  leveled. 
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ishers  push  the  board  back  and  forth  over 
the  concrete  until  the  surface  is  level  with 
the  screeds  or  top  of  the  form.  See  Fig.  41-6. 

When  a slab  is  very  large,  one  straight- 
edge may  be  too  short  to  reach  from  one 
side  of  the  form  to  the  other.  Then  addi- 
tional screeds  must  be  set  in  between  the 
form  faces.  These  screeds  are  pieces  of  lum- 
ber or  steel  that  are  set  parallel  with  one 
face  of  the  form  inside  the  area  where  the 
concrete  is  to  be  placed.  The  tops  of  all  of 
the  screeds  (both  those  which  are  the  tops 
of  the  forms  and  those  inside  the  forms) 
are  at  the  same  level. 

The  bottoms  of  the  screeds  inside  the 
form  must  be  kept  from  touching  the  top 
layer  of  steel  used  to  reinforce  the  concrete. 
To  keep  these  screeds  in  position,  they  are 
nailed  to  stakes  driven  into  the  ground  be- 
tween the  openings  in  the  rods  of  the  rein- 
forcing steel.  Steel  pins  are  sometimes  used. 
Screeds  are  usually  set  6'  apart  and  parallel 
to  one  another  so  that  the  straightedge  can 
be  pushed  back  and  forth  over  them  to 
smooth  the  concrete  surface. 

After  the  concrete  in  the  slab  has  been 
placed  and  has  been  smoothed  by  this  proc- 
ess. the  concrete  soon  sets  up.  When  the 


Fig.  41-7.  After  the  surface  of  the  concrete  is  leveled, 
it  is  floated  to  moke  sure  o smooth  mixture 
of  cement,  sand,  and  water  is  on  the  surface. 


surface  is  stiff  but  not  hard,  the  screeds 
inside  the  form  are  then  removed  from  the 
concrete,  and  the  grooves  they  make  are 
patched. 


Floating  Concrete 

There  are  several  surface  finishes  that 
can  be  put  on  a slab  of  concrete;  but,  be- 
fore we  put  on  the  final  finish,  we  must 
float  the  surface  that  has  been  smoothed 
by  using  the  screeds.  After  the  concrete 
has  stiffened,  but  before  it  hardens,  float- 
ing is  done  by  the  cement  finisher.  He  uses 
a tool  called  a wood  float  which  he  moves 
back  and  forth  over  the  surface  until  it  is 
level  and  no  coarse  particles  can  be  seen. 
Floating  the  surface  is  done  to  be  sure  that 
there  is  only  a smooth  mixture  of  cement, 
sand,  and  water  on  the  surface.  No  coarse 
particle  should  show.  After  the  concrete 
has  been  floated,  a final  finish  can  be  put  on. 
Sometimes,  however,  a float  finish  is  used 
as  the  final  finish.  See  Fig.  41-7. 


Finishing 

Usually  a smooth  finish  like  that  found 
on  a sidewalk  is  needed.  A smooth  finish  is 
called  a steel  trowel  finish.  The  cement  fin- 
isher makes  it  by  moving  a steel  trowel 
back  and  forth  over  the  surface.  A troweled 
surface  can  also  be  made  with  a finishing 
machine.  The  finishing  machine  has  an  en- 
gine or  motor  that  slowly  turns  a wheel  to 
which  three  or  four  steel  trowels  have  been 
fastened.  It  can  finish  a large  area  in  a short 
amount  of  time,  Fig.  41-8. 

The  top  of  a foundation  wall  may  be  fin- 
ished in  the  same  way  as  a concrete  slab. 
If  we  plan  to  put  more  concrete  on  top  of  a 
foundation  wall,  it  should  be  left  very  rough 
so  that  the  concrete  will  be  able  to  bond  or 
stick  to  it.  A float  finish  should  be  left  on 
top  of  a wall  if  masonry,  such  as  stone  or 
brick,  is  to  be  laid  on  it 
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For  other  kinds  of  walls,  we  may  wish  to 
leave  anchor  bolts  sticking  up  out  of  the  top 
of  the  wall.  Steel  or  wood  for  the  super- 
structure can  then  be  fastened  to  the  bolts. 
Bolts  must  be  put  in  before  the  concrete  is 
placed  for  the  foundation  walls.  When  bolts 
are  put  into  the  top  of  a wall  in  a slab  or  in 
the  top  of  a pier,  they  must  be  put  in  very 
carefully.  To  do  this,  a wooden  frame  is 
nailed  to  the  lup  of  the  form  where  the  bolts 
are  to  be  placed.  Holes  are  drilled  in  the 
frame  exactly  where  the  bolts  are  needed. 

Since  the  bolts  are  to  be  anchored  in  the 
concrete,  the  buried  part  of  the  bolt  has  a 
hook  on  it.  Before  the  concrete  is  placed,  2" 
or  3"  of  the  bolt  is  pushed  up  through  the 
hole  which  has  been  drilled  in  the  frame. 
This  part  of  the  bolt  is  threaded  so  a nut 
may  be  put  on  it  to  hold  the  bolt  to  the 
frame.  After  the  concrete  has  been  placed 
and  has  hardened,  the  bolt  cannot  move. 
The  nut  is  then  taken  off,  and  the  frame  is 
removed  just  before  the  wall  forms  are 
stripped.  Nothing  can  be  done  with  the 
other  surfaces  on  the  wall  or  pier  until  the 
forms  have  been  removed. 


Summary 

Concrete  is  moved  from  mixers  or  trucks 
to  the  forms  by  chutes,  concrete  buckets, 
concrete  buggies,  hoppers,  conveyors,  or 
pumps.  While  the  concrete  is  being  moved, 
heavy  pieces  in  the  mix  must  be  kept  from 
settling.  Concrete  of  any  great  thickness 
must  be  agitated  or  vibrated  when  it  is 
placed. 

After  concrete  has  been  placed,  the  sur- 
face is  made  level  with  the  top  of  the  form 
by  using  a straightedge  set  on  screeds.  If 
the  concrete  slab  is  very  large,  additional 
screeds  must  be  set  in  between  the  ones  on 
the  form  faces. 

Before  the  final  finish  is  put  on  concrete, 
it  must  be  floated.  The  cement  finisher  does 
this  by  passing  a wood  float  back  and  forth 
over  the  surface  until  no  coarse  particle 
shows. 

After  a float  finish  has  had  several  hours 
to  get  firm,  the  final  finish  can  be  put  on. 
A smooth  finish  is  called  a steel  trowel  fin- 


Placing  And  Finishing  Concrete 


i 

I 

I 


Rg.  41*8.  large  surfaces  are  often  troweled  with  a 
finishing  machine. 
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ish.  This  is  done  by  moving  a steel  trowel 
back  and  forth  over  the  surface. 

For  some  walls,  we  may  wish  to  leave 
bolts  sticking  up  out  of  the  top  of  the  wall 
to  use  for  bolting  the  superstructure  to  the 
foundation  or  substructure.  These  bolts 
must  be  put  in  and  held  in  position  before 
the  concrete  is  placed. 


Terms  to  Know 


transit  mixer  truck  pump 

a.  drum  leveled 

b.  gate  floated 

c.  chute  screed 


batch  straightedge 

hopper  sets  up 

agitate  troweled 

vibrate  steel  trowel  finish 

conveyor 


Think  About  It ! 

1.  Look  around  your  home  or  school  and 
find  several  different  concrete  surfaces. 
Identify  at  least  one  steel  trowel  finish 
and  one  float  finish. 

2.  How  does  weather  affect  concrete  finish- 
ing? 


Completing 

Foundations 


After  the  concrete  has  been  placed  in  the 
forms  and  the  visible  surfaces  finished, 
there  are  still  several  important  stops  for 
the  completing  of  the  foundation:  (1)  al- 
lowing the  concrete  to  set,  (2)  removing 
the  forms,  (3)  making  sure  that  the  con- 
crete is  properly  cured,  and  (4)  treating 
the  surfaces  which  were  covered  by  the 
forms. 


Allowing  the  Concrete  to  Set 

The  concrete  workers  must  leave  the  con- 
crete in  the  forms  until  it  sets.  Concrete  is 


Fig.  42*1.  Green  concrete  is  firm,  but  it  is  neither 
hard  nor  strong. 


set  token  it  will  retain  or  hold  the  shape 
given  to  it  by  its  particular  form.  Concrete 
which  is  set  is  firm,  but  it  is  not  hard  or 
strong.  The  amount  of  time  needed  for  con- 
crete to  set  depends  upon  the  kind  and 
amount  of  concrete  used  and  the  tempera- 
ture and  humidity  during  the  time  it  is  in 
its  form.  However,  concrete  will  usually  set 
in  12  to  24  hours.  It  usually  takes  a much 
longer  period  of  time  for  concrete  to  be- 
come hard  and  strong.  The  time  needed  for 
the  concrete  to  become  hard  and  strong  is 
called  the  curing  time.  This  will  be  discussed 
later  in  this  lesson. 


Removing  the  Forms 

The  process  of  removing  the  forms  from 
around  the  concrete  is  called  stripping  the 
forms.  The  workmen  must  not  strip  the 
forms  until  the  concrete  has  properly  set. 
In  some  cases,  the  concrete  is  allowed  to 
cure  before  the  forms  are  removed.  Con- 
crete which  has  set  but  has  not  cured  is 
called  green  concrete.  It  is  firm  but  not 
hard  and  strong,  Fig.  42-1. 

To  strip  the  forms,  the  workers  must 
knock  the  braces  loose  and  pull  out  the 
stakes.  Next,  they  break  off  the  ends  of  the 
ties.  Then  they  can  separate  the  forms  from 
the  concrete.  Using  hammers,  wrecking 
bars,  nail  pullers,  pliers,  and  wrenches,  the 
workmen  then  remove  the  walers,  studs, 
plates,  and  facing  material,  Fig.  42-2.  The 
men  must  work  carefully  when  removing 
the  forms  so  that  they  do  not  damage  or 
break  the  parts.  Form  materials  can  be  re- 
used, and  this  reduces  o.*  lowers  the  cost  of 
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the  foundation.  The  men  must  be  very  care- 
ful when  they  strip  forms  from  green  con- 
crete, because  green  concrete  breaks  and 
chips  easily. 

After  all  the  form  parts  have  been  re- 
moved, the  workers  clean  and  store  them 
for  future  use.  Cleaning  form  parts  includes 
pulling  nails,  scraping  or  knocking  off  con- 
crete particles,  and  treating  the  forms  for 
future  use. 

Curing  is  the  process  through  which  the 
concrete  becomes  hard  and  strong.  Curing 
is  not  the  result  of  the  concrete’s  drying 
out.  Rather,  it  results  from  a chemical  re- 
action of  the  elements  within  the  concrete. 
In  fact,  curing  will  not  be  completed  if  the 
concrete  dries  out  too  quickly.  Therefore, 
concrete  workers  take  steps  to  keep  the 
concrete  from  drying  out  rapidly. 

They  may  use  one  of  several  techniques 
to  keep  the  moisture  in  the  concrete:  (1) 


Fig.  42-3.  To  keep  concrete  from  drying  too  fast,  it 
may  be  covered  with  straw  and  sprayed 
with  water. 


Fig.  42-2.  After  the  surface  of  this  concrete  is  finished  ond  set,  the  forms  will  be  removed. 
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curing  with  water  and  (2)  curing  with  seal- 
ing membranes.  Moist  curing  is  done  by 
spraying  the  concrete  regularly  with  water 
or  by  covering  the  concrete  with  earth, 
sand,  straw,  or  burlap,  and  then  keeping  the 
covering  damp.  Fig.  42-3.  Curing  with  seal- 
ing membranes  means  that  a thin,  protec- 
tive coating  is  sprayed  on  the  surface  of 
the  concrete  as  soon  as  the  forms  are  re- 
moved, Fig.  42-4.  This  coating  holds  mois- 
ture in  the  concrete.  Concrete  must  be  kept 
moist  for  the  first  part  of  the  14  to  28  days 
it  usually  takes  to  properly  cure  it. 

The  curing  process  may  be  speeded  up 
with  accelerators  (special  admixtures),  spe- 
cial grades  of  improved  cements,  careful 
design  of  the  mix,  and  by  steam  curing. 
Modern  concrete  technology  makes  it  pos- 
sible to  produce  in  24  hours  or  less  concrete 
which  will  support  3,000  pounds  per  square 
inch.  Because  this  can  only  be  done  with 
added  expense,  these  techniques  are  saved 
for  projects  where  shortening  the  curing 
time  is  worth  the  extra  cost. 


Fig.  42>4.  In  the  process  of  curing,  concrete  is 

sometimes  sprayed  with  a curing  compound 
which  holds  in  the  moisture. 
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Treating  the  Formed  Surfaces 

Formed  surfaces  are  those  which  touch 
the  forms  and  can  be  seen  only  after  the 
forms  have  been  stripped.  The  first  step 
that  the  concrete  workers  take  in  treating 
formed  surfaces  is  patching  holes  caused  by 
the  form  ties  and  any  other  defects  which 
show  in  the  concrete.  The  workers  put  a 
mixture  of  sand,  Portland  cement,  and  wa- 
ter into  holes  and  other  chips  which  show 
after  the  forms  are  removed.  Fig.  42-5. 

The  final  treatment  depends  on  the  loca- 
tion of  the  surface.  If  the  surface  will  touch 
earth,  it  may  need  to  be  protected  from 
moisture.  Concrete  is  waterproof  if  a per- 
fect job  of  placing  and  finishing  is  done. 
Usually,  however,  there  are  small  defects 
which  allow  moisture  to  gradually  seep 
through  the  concrete.  Therefore,  workmen 
waterproof  the  concrete  by  putting  a layer 
of  asphalt  on  the  surface.  The  men  either 
brush  or  spray  the  asphalt  onto  the  concrete. 
If  a very  durable  or  strong  waterproofing 
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Fig.  42«5.  Formed  surfaces  often  have  holes  and 
chips  in  them  that  need  potching. 
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is  needed,  the  workers  put  on  alternate  lay- 
ero  of  asphalt  and  asphalt-saturated  paper 
to  build  up  a thick  coating  on  the  concrete 
surface,  Fig.  42-6. 

If  the  surface  of  the  concrete  will  not  be 
in  contact  with  moisture  and  will  be  ex- 
posed to  view,  like  the  surface  of  piers 
which  support  an  elevated  highway,  it  is 
treated  in  a different  way.  The  workmen 
may  treat  the  surface  with  a stoned  finish, 
a sack-rubbed  finish,  or  a special  coating. 

To  apply  a stoned  finish,  the  workers  wet 
the  concrete  surface  thoroughly  with  water 
and  then  rub  a mixture  of  sand,  Portland 
cement,  and  water  over  the  surface.  Then, 
the  surface  is  ground  with  a flat  stone  until 
it  is  smooth  and  all  blemishes  are  removed. 

The  concrete  finishers  apply  a sack- 
rubbed  finish  by  wetting  the  concrete  sur- 
face, rubbing  a thin  mixture  of  sand,  port- 
land  cement,  and  water  over  the  surface 
with  a piece  of  burlap  or  sponge  float,  and 
then  rubbing  a dry  mixture  of  sand  and  ce- 


Fig.  42>6.  The  foundation  wall  in  the  center  of  the 
picture  has  been  treated  with  asphalt. 


ment  over  the  same  surface.  When  the 
finishers  have  completed  the  sack-rubbed 
treatment,  the  surface  has  the  appearance 
of  sandpaper,  but  all  holes  have  been  re- 
moved. 

Sometimes  concrete  surfaces  look  better 
when  special  coatings,  which  are  designed 
to  be  used  on  concrete,  are  put  on  them. 
The  workers  either  brush  or  spray  these 
coatings  onto  concrete  surfaces.  Fig.  42-7. 


Summary 

There  are  four  important  steps  needed  to 
complete  a foundation  after  the  concrete 
has  been  placed  and  the  exposed  surfaces 
have  been  finished.  These  steps  are:  (1) 
allowing  the  concrete  to  set,  (2)  removing 
the  forms,  (3)  making  sure  that  the  con- 
crete is  properly  cured,  and  (4)  treating  the 
surfaces  which  were  covered  by  the  forms. 
Concrete  which  has  set  but  has  not  cured  is 
called  green  concrete.  It  is  firm  but  not 
hard  and  strong. 

Forms  are  usually  removed  after  the  con- 
crete has  set.  However,  in  some  cases,  the 


Rg.  42-7.  A special  finish  will  be  applied  to  the 
exposed  concrete. 
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concrete  may  be  allowed  to  cure  before  the 
forms  are  stripped.  Curing  results  from  a 
chemical  reaction  within  the  elements  of 
concrete.  Concrete  must  be  kept  moist  for 
the  first  part  of  the  14  to  28  days  it  usually 
takes  to  properly  cure  it. 

Foundation  wall  surfaces  which  are  in  con- 
tact with  moisture  are  usually  water- 
proofed. Wall  surfaces  which  are  not  in 
contact  with  moisture  and  which  show  after 
the  structure  is  complete  may  be  stone  fin- 
ished, sack-rubbed,  or  coated. 


Terms  to  Know 


setting  of  concrete 
setting  time 
curing  of  concrete 
curing  time 
stripping  the  forms 
formed  surfaces 


green  concrete 
waterproof 
asphalt 
stoned  finish 
sack-rubbed  finish 
special  coatings 


Think  About  It! 


1.  When  concrete  cures,  it  becomes  hard 
and  strong.  Is  curing  simply  the  result 
of  the  water  drying  out?  Does  some 
other  reaction  or  process  take  place?  If 
so,  what  does  occur? 

2.  List  two  reastns  why  some  hardened 
concrete  surfaces  must  receive  a final 
surface  finish. 


Superstructures 


Utilities 


Finished  Project 


Building 

Superstructures 


You  have  learned  that  the  first  step  in 
building  a structure  is  to  set  the  foundation 
or  substructure.  We  are  now  ready  to  start 
on  the  second  step  of  construction,  building 
the  superstructure.  Later  you  will  study 
these  units:  (1)  how  each  major  kind  of 
superstructure  is  built,  (2)  how  framed 
superstructures  are  enclosed  from  the 
weather,  (3)  how  utility  systems  are  in* 
stalled,  (4)  how  framed  superstructures  are 
enclosed  on  the  inside,  (5)  hew  the  super* 
structure  is  finished,  (6)  how  painting  and 
decorating  are  done,  and  (7)  how  accessories 
are  installed. 


Supers  tmetures 

When  you  look  at  the  structures  around 
you,  the  part  you  see  rising  above  ground 
level  is  the  superstructure.  It  is  the  part  of 
the  structure  which  rests  upon  the  founds* 
tion,  or  substructure.  Towers,  such  as  those 
used  for  television  broadcasting  or  for 
transmitting  electricity,  are  mostly  super* 
structure.  However,  they  also  have  a fonnda* 
tion  under  them.  Fig.  43*1. 

The  design  of  a superstructure  depends 
upon  the  purpose  for  which  the  structure 
will  be  used.  The  superstructure  of  a manu* 
factoring  plant  is  designed  so  articles  may 
be  produced  in  it  A bridge  or  highway 
superstructure  is  designed  to  carry  traffic. 
The  substructure  supports  both  the  weight 
of  the  superstructure  and  the  traffic. 

In  some  structures  there  is  no  clearly  de* 
fined  superstructure.  In  a dam,  the  part 
which  rises  above  the  ground  surface  and 
holds  back  the  water  may  be  thought  of  as 
the  superstructure.  That  part  of  the  pyra* 


mids  in  Egypt  which  rises  above  the  surface 
of  the  sand  is  the  superstructure. 

When  we  consider  a canal,  a tunnel,  or 
underground  piping,  we  cannot  say  that  one 
part  of  these  structures  is  a foundation  and 
that  another  part  is  the  superstructure.  Fig. 
43*2.  Railroad  tracks  usually  are  not  called 
superstructures.  However,  they  do  rest  on  a 
foundation  and  may  be  classed  as  super* 
structures. 


Rg.  43-1.  Superstructures  serve  the  purposes  for 
which  projects  ore  built. 
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Kinds  of  Superstructures 

The  superstructures  you  see  around  you 
may  be  divided  into  three  kinds:  (1)  mass, 
(2)  bearing  wall,  and  (3)  framed  super* 
structures. 

Mass  superstructures  are  made  of  large 
bodies  of  materials  which  generally  cover 
large  areas.  Examples  of  mass  super* 
structures  are  earth  or  concrete  dams  and 
cast*in*place  concrete  retaining  walls.  Fig. 
43*3.  Large  monuments  built  of  piled  up 
stone,  such  as  the  pyramids  of  Egypt  or  the 
Washington  Monument,  also  are  mass  super* 
structures.  Fig.  43*4.  Mass  superstructures 
may  have  \*ery  little  or  no  open  space  inside 
the  mass  of  materials. 

Bearing  wall  superstructures  are  made 
of  masonry  or  other  materials  and  usually 
are  built  as  walls,  or  walls  and  roofs.  Bear* 
ing  wall  superstructures  enclose  a space. 
See  Fig.  43*5. 

Framed  superstructures  are  those  such  as 
houses  which  are  built  with  a frame.  The 
frame  is  like  a skeleton.  The  parts  that 
make  up  the  frame  serve  the  same  purpose 


as  do  the  bones  in  your  body.  Fig.  43-6. 
Frames  for  superstructures  may  be  made  of 
steel,  reinforced  concrete,  or  wood.  The  mem- 
bers of  a frame  are  columns  or  posts  with 
beams  connecting  one  to  another.  WTien 
these  members  are  properly  assembled,  they 
provide  a rigid  form  for  the  superstructure. 
The  frame  supports  the  materials  which  en- 
close the  space  within  the  superstructure. 


Bg.  43-3.  San  luis  Dorn  in  Cclifomia  is  on  exomple 
of  a mass  superstructure. 


Fig.  43-2  Some  projects,  such  os  conols,  ore  hord  to 
classify  into  substructures  ond 
superstructures. 


Fig.  43-4.  Moss  superstructures  ore  omong  man’s 
oldest  constructed  works. 


o — 


J 


246  The  World  of  Comtrucliou 

The  materials  used  to  enclose  framework 
may  be  steel  panels,  concrete  slabs,  wood  sid- 
ing, sheets  of  plastic  or  glass,  or  various 
kinds  of  masonry. 


Mass  Superstructures 

Superstructures  which  are  built  using  a 
mass  of  materials  are  made  from  bulk  ma- 
terials which  are  taken  front  the  earth  and 
put  into  the  structure  without  much  process- 
ing. Earth  dams,  for  example,  are  con- 
structed by  excavating  earth  at  one  location 
and  hauling  it  to  another  to  be  dumped, 
spread,  and  compacted  without  much  proc- 
essing. Embankments  built  along  rivers  for 
flood  protection  are  built  in  much  the  same 
way. 

Materials  used  in  mass  superstructures 
also  may  be  made  from  separate  elements  of 
earth  that  are  partially  processed  and  then 
are  cemented  together.  Concrete  is  an  ex- 
ample of  this.  You  have  learned  that  con- 
crete is  a mixture  of  aggregates  taken  from 
the  earth  combined  together  with  cement 
and  water.  Certain  structures,  such  as  con- 


Rg.  43-5.  load  bearing  superstructures  are  enclosures 
which  are  not  framed.  These  tanks  are 
examples  of  this  type. 


Crete  dams,  use  solid  masses  of  concrete. 
Concrete  retaining  walls  or  concrete  W'alls 
used  for  flood  protection  also  arc  made  of  a 
solid  mass  of  concrete. 

Bituminous  concrete  is  made  from  stone 
aggregates  which  are  bound  together  with 
asphalt  Bituminous  concrete  is  used  for 
surfacing  roads,  parking  lots,  and  air  Aelds. 
These  surfaces  are  a kind  of  mass  super- 
structure. 

The  Tower  of  Babel  was  built  using 
masses  of  brick  bound  together.  It  is  an 
example  of  a mass  superstructure.  The 
brick  was  placed  into  solid  rectangular 
layers  with  each  layer  smaller  than  the  one 
below  it  This  tower  was  built  many  cen- 
turies ago  in  Babylon  with  the  hope  that 
the  top  of  it  would  reach  to  heaven.  The 
bottom  was  300'  square,  and  the  top  of  it 
was  326'  above  the  earth. 


Bearing  Wall  Superstructure? 

In  early  times  walls  were  built  of  stone 
and  were  sometimes  so  thick  that  they 
seemed  almost  like  mass  construction.  Fig. 
43-7.  Walls  might  have  been  3'  or  4'  thick 
or  more,  especially  if  the  superstructure  was 
very  tall,  such  as  a cathedral.  Today,  such 
walls  are  not  often  more  than  16"  or  18" 
thick  even  when  the  building  is  quite  tall. 


Fig.  43-6.  Framed  superstructures  have  skeletons 
which  perform  in  much  the  same  way  as 
do  the  skeletons  in  our  bodies. 
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Brick  and  concrete  block  are  still  much  in 
use  today.  However,  stone  is  not  often  used 
now  for  masonry  superstructures. 

Masonry  walls  enclosing  a space  to  form 
a superstructure  are  often  called  hearing 
walls  because  they  support  the  weight  of 
the  floors  and  the  roof  as  well  as  all  of  the 
weight  of  the  superstructure  above  them, 
Fig.  43-8. 


Framed  Superstructures 

Frameworks  of  buildings  provide  the 
skeletons  on  which  to  support  the  walls  that 
close  in  the  superstructure,  the  floors  that 
divide  it  into  levels,  and  the  roof  over  it 
When  you  stand  on  the  floor  of  a tall  build- 
ing, it  is  really  the  framework  that  supports 
your  weight 

All  frames  for  superstructures  are  made 
of  individual  pieces  that  are  assembled  and 
fastened  together.  This  is  true  even  with 
concrete  framework  even  though  reinforcing 
steel  and  formwork  are  required  to  produce 
it 

Frameworks  may  be  built  of  steel,  of 
reinforced  concrete,  or  of  wood.  The  tallest 


Fig.  43-7.  load  beoring  superstructures  of  mosonry 
hove  been  in  use  for  many  years. 


buildings  use  frameworks  made  of  steel. 
Empire  State  Building  in  New  York  City 
rises  more  than  1,200'  into,  the  air.  It  has  a 
framework  made  of  steel. 

Because  the  individual  members  of  a con- 
crete frame  are  larger  in  cross  section  than 
those  made  of  steel,  concrete  frameworks 
arc  used  for  much  lower  buildings.  Concrete 
frameworks  would  take  up  too  much  of  the 
space  inside  a very  tall  building.  Generally, 
they  are  used  in  buildings  rising  only  100' 
to  200'  into  the  air. 

Today,  many  buildings  have  frameworks 
made  of  wood.  However,  such  buildings 
usually  are  not  more  than  30'  or  40'  high. 
Most  of  the  superstructures  framed  with 
wood  arc  the  houses  in  which  we  live.  Wood 
is  used  for  framing  houses  because  it  is 
easy  to  work  with  and  inexpensive. 

A framed  superstructure  provides  more 
space  inside  and  is  lighter  in  weight  than 
the  mass  or  bearing  wall  superstructures. 
It  also  provides  a superstructure  that  can 
be  carried  many  hundreds  of  feet  into  the 
air.  A tower  is  the  simplest  form  of  a 
framed  superstructure.  Perhaps  the  best 
known  example  of  a tower  is  the  EiflFel 
Tower  in  Paris,  France.  The  Eiffel  Tower 
was  built  in  1889  for  the  Paris  Exposition 
by  the  man  who  designed  it  and  for  whom 


Fig.  43-8.  Some  of  our  newest  construction  is  of 

lood  beoring,  prestressed  concrete  sections. 
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it  was  named,  Alexander  Gustave  Eiffel. 
This  tower  is  984'  high  and  was  built  by 
assembling  12,000  separate  pieces  of  iron. 
Steel  was  not  yet  in  use  in  1889.  'The  pur* 
pose  of  the  tower  was  to  permit  sightseers 
to  climb  the  stairs  or  be  carried  to  the  top 
in  an  elevator  in  order  to  see  Paris  from  a 
point  high  in  the  sky.  Today,  almost  all  the 
towers  are  built  of  steel ; but  they  still  are 
built  of  many  pieces. 


Summary 

The  superstructure  is  built  on  top  of  the 
foundation  or  substructure.  'The  superstruc- 
ture serves  the  purpose  for  which  the  whole 
structure  was  built 

Mass  superstructures  are  those  built  from 
materials  taken  directly  from  the  earth. 
Sometimes  these  materials  are  bound  to- 
gether with  cement  or  asphalt  Bearing  wall 
superstructures  are  those  which  are  made 
of  masonry  or  other  materials  which  are 
built  into  walls  around  the  place  to  be  en- 
closed. Framed  superstructures  are  made  of 
steel,  reinforced  concrete,  or  wood.  'These  are 
assembled  to  provide  a skeleton  upon  which 
the  walls,  floors,  and  roof  can  be  constructed. 


Superstructures 


1—  Earth 

2—  Brick  and  stone 

3—  Concrete 

4—  Masonry 


5—  Other  materials 

6—  Concrete 

7— Steel 

8—  Wood 


Terms  to  Know 


superstructure 

a.  mass  superstructure 

b.  bearing  wall 

c.  framed  superstructure 


masonry 

bituminous 

concrete 

reinforced 

concrete 


Think  About  It! 

1.  Classify  the  following  superstructures  as 
(a)  mass,  (b)  bearing  wall,  or  (c) 
framed : 

a.  your  home 

b.  your  school 

c.  television  tower 

d.  highway  overpass 

e.  earth  dam 

2.  In  what  way  is  a framed  structure  like 
the  human  body? 


Rg.  43-9.  large  superstrucfures,  such  as  this  oparfment 
building,  help  reduce  troffic  problems  in 
large  cities  by  locating  people  near  their 
work. 
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Building  Mass 
and  Masonry 
Superstructures 


In  the  last  assignment  you  learned  about 
superstructures  and  ways  in  which  they 
could  be  built  In  this  assignment  you  will 
study  two  kinds  of  superstructures:  (1) 
those  which  use  a mass  of  materials  and 
(2)  those  which  use  a limited  mass  of  ma- 
terials for  walls,  combined  with  a frame- 
work for  the  floors  and  roofs. 


Mass  Construction  Materials 

Soil  is  a very  common  and  widely  used 
construction  material.  It  is  available  in  large 
quantities  and  is  not  too  expensive.  Soil  is 
used  to  build  earth  dams  and  other  types 
of  earth  embankments.  It  is  used  to  shape 
our  highways  and  waterways.  Even  before 
putting  down  the  substructure  of  a road- 
way, soil  is  moved,  placed,  and  graded  to 
give  the  correct  slope  to  the  road. 

Using  soil  in  mass  construction  usually 
involves  these  steps:  (1)  selecting  good  soil 
for  the  job,  (2)  excavating,  (3)  hauling, 
(4)  spreading  and  mixing,  and  (5)  com- 
pacting. Soil  must  have  the  proper  water 
content  in  order  to  be  packed  as  hard  as 
possible. 

Another  material  taken  directly  from  the 
earth’s  surface  is  rock.  Rock  can  be  exca- 
vated in  large  blocks  or  pieces  by  quarry- 
ing. Quarrying  means  getting  rock  out  of 
the  earth.  These  pieces  can  be  used  for 
massive  or  very  large  superstructures.  ’The 
pyramids  of  Egypt  were  built  of  solid  blocks- 
of  stone  which  were  carefully  quarried  and 
shaped.  These  blocks  were  hauled  to  the 
site  on  rollers  and  then  were  moved  on 
ramps  (inclined  planes)  using  ropes  and 
rollers,  to  where  they  were  placed. 


Many  other  monuments  are  built  of 
blocks  of  stone.  An  example  is  the  Wash- 
ington Monument  in  Washington,  D.C.,  Fig. 
44-1.  The  blocks  of  stone  for  this  were 
quarried  and  hauled  to  the  site  on  wagons. 
Each  piece  was  then  lifted  into  place  using 
a derrick  resting  on  the  part  of  the  monu- 
ment that  already  had  been  built. 

Sometimes  large  pieces  of  quarried  rock 
are  needed  where  the  shape  of  the  block  is 
not  important  Breakwaters  and  jetties 
which  slow  up  the  erosion  caused  by  ocean 
waves  are  superstructures  made  of  irregu- 
lar or  odd-shaped  blocks  of  stone  piled 
loosely  in  a long  heap.  These  blocks  of  stone 
can  be  quarried  by  drilling  and  blasting. 

Mass  superstructures  also  may  be  built 
of  cemented  aggregates.  Many  kinds  of  ag- 
gregates and  ways  of  cementing  them  are 
used  for  mass  superstructures..  Concrete  is 
the  most  common  kind  of  cemented  ag^e- 
gate.  In  primitive  or  early  construction, 
mud  and  clay  were  held  together  by  mixing 
them  with  straw,  reeds,  and  bru.sh. 

You  have  learned  something  about  con- 
crete and  how  it  is  made  and  handled  for 
foundation  construction.  Fig.  44-2.  There 
are  other  superstructures  built  by  using 
concrete  as  a mass.  Many  retaining  walls, 
some  of  which  are  used  to  protect  the  earth 
along  rivers  and  ocean  fronts  from  being 
washed  away  or  to  provide  docks  at  which 
ships  can  unload,  are  built  of  concrete. 


Highway  Superstructures 

The  surfaces  of  airports  and  highways 
are  a kind  of  mass  superstructure.  Many  of 
these  surfaces  are  made  of  concrete,  Fig. 
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Rg.  44*2-  Earthen  and  concrete  doms  are  examples 
of  moss  superstructures. 


Fig.  44-3.  Highways  ore  the  most  common  tvr  > of 
mass  superstructure. 


Fig.  44-1.  Monuments  represent  one  of  man’s  oldest 
kinds  of  mass  superstructures. 


Fig.  44-4.  A foundation  is  carefully  prepared  for  the 
highway  superstructure. 
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44-3.  To  build  a concrete  road,  the  earth 
along  it  is  shaped  to  make  a foundation, 
Fig.  44-4.  The  soil  is  compacted  or  pressed 
uown  until  it  is  fairly  hard.  A substructure 
of  crushed  rock  or  gravel  is  then  placed  as 
a foundation.  On  this  foundation,  forms  are 
set  along  both  sides  of  the  strip  where  con- 
crete is  to  be  placed.  These  forms  are  made 
of  heavy  steel  sheets  which  are  bent  so  that 
the  top  edges  are  rounded  like  the  rails  of 
a railroad  track.  They  are  secured  or  fas- 
tened to  the  foundation  surface  with  long 
steel  pins  driven  into  the  earth. 

A concrete  mixing  unit,  usually  mounted 
on  crawler  treads,  sits  on  the  foundation 
between  the  forms.  Trucks  bring  coarse  ag- 
gregate, fine  aggregate,  and  cement  in  dry 
batch'»  to  the  unit  and  dump  them  into  a 
ground  level  hopper.  The  hopper  is  tilted 
to  pour  its  contents  into  a drum,  water  is 
added,  and  the  batch  is  mixed.  The  mixed 
concrete  is  then  spread  over  the  foundation 
surface  between  the  forms.  A mechanical 
straightedge  rides  on  the  forms,  as  on  a pair 
of  rails,  to  smooth  the  concrete  off  and  to  fin- 
ish its  surface.  When  the  concrete  slab  has 
set,  the  concrete  is  covered  for  curing  in 
the  same  ways  as  for  slab  foundations. 

Another  kind  of  roadway  surface  (super- 
structure) is  made  with  bituminous  con- 
crete. This  is  a land  of  cemented  aggregate 
using  crushed  stone  as  a coarse  aggregate 
and  sand  as  a fine  aggregate.  Asphalt  is 
used  as  a cementing  agent  instead  of  port- 
land  cement. 

Asphalt  is  a black  tarry  substance  which 
can  be  found  in  pools  or  lakes  on  certain 
parts  of  the  earth’s  surface.  It  also  can  be 
manufactured  from  petroleum  or  from  coal. 

Bituminous  concrete  is  prepared  in  mix- 
ing plants  much  like  those  used  for  making 
concrete.  The  aggregates  are  weighed  and 
moved  into  a mixer  on  a conveyor  belt.  The 
asphalt  is  melted  and  brought  to  the  right 
temperature  and  thickness  before  it  is 
poured  over  the  aggregates  in  the  mixing 
tank.  When  the  bituminous  concrete  has 
been  mixed,  it  is  poured  into  dunip  trucks 
which  take  the  mixture  to  the  paving  site. 


Bituminous  concrete  is  usually  placed  in 
layers.  The  bottom  layer  has  larger  sizes 
of  aggregates,  and  the  top  layer  is  made  up 
of  either  small  aggregates  or  of  fine  aggre- 
gates. For  this  reason,  steel  forms  may  not 
be  needed  along  the  edges  of  the  paving. 
The  truckload  of  bituminous  concrete  is 
hauled  to  the  site  and  dumped  into  a paver. 
The  paver  spreads  the  bituminous  concrete 
over  the  prepared  road  foundation  surface 
in  an  even  layer.  Steel-wheeled  rollers  fol- 
low the  paver  and  compact  (pack  down) 
the  bituminous  concrete  while  it  is  still 
warm.  Rolling  is  continued  until  the  bitu- 
minous concrete  becomes  a hardened  mass 
with  a smooth  surface.  See  Fig.  44-6. 


Bearing  Wall  or  Masonry  Construction 

Bricks  are  used  for  building  many  bear- 
ing wall  superstructures.  However,  they  are 


Rg.  44-S.  Concrete  and  asphalt  moss  superstructures 
form  the  surface  of  modern  highways. 
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not  used  in  a large  mass  as  brick  were  used 
in  building  the  Tower  of  Babel.  In  bearing 
walls  small  bricks  are  now  used  and  each 
brick  is  carefully  placed  in  position  by  ma- 
sons or  briddayers,  Fig.  44-6.  Many  kinds 
of  stone,  solid  concrete,  and  concrete  blocks 
also  are  used  to  construct  bearing  walls. 

Most  of  the  brick  used  to  build  bearing 
walls  are  8"  long,  wide,  and  2*4"  thick. 
The  mason  stands  in  front  of  the  wall  he  is 
building  to  spread  mortar  on  the  lower  layer 
of  brick  before  placing  the  next  brick. 

There  are  six  positions  in  which  the 
bricklayer  can  place  this  brick  in  a wall, 
and  each  of  these  positions  has  a name.  The 
positions  of  a brick  are  those  the  bricklayer 
would  SM  looking  at  the  front  face  of  the 
wall. 

Brick  is  laid  in  courses  in  a bearing  wall. 
If  a brick  is  laid  in  a course  in  the  flat  posi- 
tion so  that  the  8"  dimension  is  along  the 
course  and  the  course  is  2*4"  high,  the 
brick  is  called  a stretcher.  The  course  is 
called  a stretcher  course. 

If  we  turn  the  brick  on  end  so  that  the 
8"  dimension  is  pointing  up  and  down,  the 
brick  is  called  a soldier.  If  the  brick  is 
turned  so  that  the  end  shows,  with  the 
along  the  course,  the  bri(^  is  called  a 
headar.  If  the  brick  is  then  turned  90“  so 
that  the  2*4"  side  lies  along  the  course,  it 
is  called  a row-lock.  Two  other  positions  in 


Fig.  44-6.  Bricks  laid  one  by  one  for  centuries  have 
been  used  to  build  load  bearing  walls. 


which  a brick  may  be  placed  in  a wall  as  a 
shiner  or  a sailor  are  not  often  used. 

Brick  walls  are  generally  built  or  laid  up 
with  stretcher  courses.  ^Vhen  they  are  only 
one  brick  wide,  the  walls  are  thick. 
This  much  of  a wall  Is  called  a wythe.  Usu- 
ally, two  or  three  wythes  are  laid  up  to- 
gether to  form  a bearing  wall.  However, 
often  only  one  wythe  is  used  to  cover  or  put 
a face  on  a concrete  or  wood  frame  wall. 

Stone  and  manufactured  block  may  be 
used  for  bearing  walls.  Fig.  44-7.  Some  ma- 
sons lay  all  kinds  of  brick,  stone,  and  block. 
Others  specialize  in  just  one  kind  of  mate- 
rial. Brick  and  block  may  be  set  with  simi- 
lar tools.  However,  the  stone  mason  uses 
more  tools  and  machines  to  break,  cut,  and 
saw  the  stone. 

Reinforced  concrete  walls  may  be  used 
as  bearing  walls.  They  are  formed  and  built 
as  upward  extensions,  above  ground,  of  the 
reinforced  concrete  foundations  or  sub- 
structures which  were  studied  earlier.  Some 
of  these  forms  arch  over  the  entire  enclo- 
sure, forming  combined  walls  and  roofs. 


Rg.  44-7.  Concrete  block  is  used  to  build  lood 

bearing  walls  for  many  commercial  buildings 
such  as  supermarkets  and  bowling  alleys. 
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Rg.  44-8.  Theje  bricklayers  are  working  overhand 
to  lay  up  a 12'  thick  wall.  The  men  work 
in  safety  from  scaffolding  inside  the  building. 


Bearing  walls  can  be  thought  of  as  a kind 
of  brick  aggregate  cemented  together  by 
the  mortar  between  each  brick.  The  mortar, 
from  1/4"  to  thick,  provides  a bond  be- 
tween bricks  and  makes  them  stick  to- 
gether. When  two  wythes  are  built  side  by 
side  to  form  an  8"  wall,  *4"  of  mortar  is 
used  between  them.  The  mortar  bonds  (ce- 
ments) one  wythe  to  the  other.  See  Fig. 
44-8. 


Summary 

Superstructures  may  be  of  mass  con- 
struction or  of  hearing  wall  construction. 
For  mass  construction  we  may  use  earth  or 
rock.  The  rock  may  be  carefully  cut  out  of 
a quarry  in  regular  blocks  or  it  may  be 
broken  out  in  oddly  shaped  pieces.  Earth  is 
used  for  dams  and  other  embankments. 


Mass  And  Masonry 
Superstructures 
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Rock  is  used  for  monuments  or  for  ocean 
breakwaters. 

Cemented  aggregates  such  as  concrete  or 
bituminous  concrete  are  used  for  the  mass 
superstructures  of  highways,  airports,  and 
parking  lots. 

Some  bearing  walls  are  made  of  brick, 
stone,  or  concrete  blocks.  These  materials 
are  laid  up  in  courses  by  masons.  Beams, 
trusses  or  other  framework  may  be  placed 
in  bearing  walls  to  support  floors  or  roofs. 
Many  of  the  newest  bearing  walls  are  made 
of  reinforced  concrete.  Some  of  these  walls 
are  curved  forms  which  also  enclose  the 
roof  area. 


Terms  to  Know 

quarrying 

quarry 

foundations 

aggregates 

batch 

drum 

hopper 

bituminous  concrete 

paver 

mason 


mortar 

bricklaying  courses 

a.  stretcher  course 

b.  soldier 

c.  header 

d.  rowlock 

e.  shiner 

f.  sailor 
wythe 
bearing  wall 


Think  About  It ! 

1.  Why  is  a highway  or  an  airport  runway 
considered  a mass  superstructure?  Can 
you  give  reasons  why  they  may  be  con- 
sidered substructures? 

2.  Sometimes  brick  and  stone  are  used  in 
building  construction  and  they  do  not 
make  up  a load  bearing  wall  superstruc- 
ture. Give  one  example  of  such  a struc- 
ture. 
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Erecting 
Steel  Frames 

Steel  frames  are  generally  erected  at  the 
construction  site  one  piece  at  a time,  Fig. 
45-1.  Each  piece  of  steel  must  be  of  proper 
size,  and  this  preparing  of  each  piece  is 
usually  done  in  a shop  according  to  the  en- 
gineer’s design  drawings.  Fig.  45-2. 

The  steel  used  in  a structural  steel  frame- 
work is  made  in  long  pieces  called  shapes. 
In  cross  section,  common  shapes  look  like  the 
letter  “I,”  the  letter  “H,”  the  letter  “T,”  the 
block  letter  “U,”  and  the  letter  “L.”  These 
long  pieces  of  steel  are  cut  into  the  lengths 
by  power  saws  or  by  heavy  shearing  ma- 
chines. 

Structural  steel  is  often  assembled  by  a 
subcontractor  called  a structural  steel  erec- 
tor. He  employs  ironworkers  to  rig,  handle, 
fasten,  and  plumb  and  brace  the  parts  of 
the  structural  steel  frame. 


Rigging  and  Handling  Steel  Shapes 

The  columns  for  the  lower  levels  of  a 
steel  frame  usually  are  set  in  one  piece.  The 
beams  connecting  them  are  set  by  using  a 
crane  moving  on  wheels  or  crawlers.  When 
we  have  a very  tall  building  or  tower  to  put 
up,  a derrick  is  used  for  the  higher  part  of 
the  frame.  Fig.  45-3.  The  derrick  is  set  on  a 
level  of  framework  above  the  ground  level. 
When  all  of  the  framework  that  can  be 
reached  by  the  boom  at  that  level  is  finished, 
the  derrick  is  taken  apart  and  moved  up  to 
rest  on  the  steel  that  has  just  been  set. 

The  derrick  has  two  main  parts,  a mast 
and  a boom.  The  mast  is  a tall  pole  that  is 
held  vertically  upright  by  legs  or  by  guy 
wires.  The  boom  is  another  long  pole  that 
works  like  the  boom  on  a crane.  It  is  fas- 


Fig.  45-1.  Steel  frames  form  the  structural  skeleton 
for  many  constructed  works. 


Fig.  45-2.  Steel  shapes  are  made  off  the  site  in  a 
shop. 
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tened  to  the  bottom  of  the  mast  on  a pivot 
(movable)  joint  so  that  it  can  move  up  or 
down  or  sideways.  A cable  fastened  from 
the  top  of  the  mast  to  the  outer  end  of  the 
boom  holds  the  boom  in  a diagonal  position. 
A second  cable  that  can.  be  moved  runs  from 
a winding  d.rum  at  the  bottom  of  the  mast 
up  the  side  of  the  mast  and  then  out  over 
the  end  of  the  boom.  This  cable  drops  down 
over  a grooved  wheel  at  the  end  of  the  boom. 
There  is  a hook  on  the  lower  end  of  the  cable. 
This  hook  can  be  raised  by  winding  the 
cable  on  the  drum  at  the  bottom  of  the  mast 
and  lowered  by  unwinding  the  same  cable. 

The  boom  of  the  derrick  is  long  enough  to 
reach  over  the  side  of  the  steel  framework 
so  that  the  hook  can  be  lowered  to  the 
ground.  A piece  of  steel  shape  or  an  as- 
sembled section  is  hung  from  the  hook  and 
lifted  into  place.  The  steel  shapes  are  hung 
on  the  hoisting  cable  by  riggers  who  know 
how  to  safely  attach  the  pieces.  The  rigging 


Fig,  45-3.  Derrick.?  are  used  fo  handle  framing 
members  on  very  fall  structures. 


Fig.  45*4,  Riggers  attach  steel  shapes  to  hoisting 
cables  and  guide  the  pieces  into  place. 
This  welded  plate  girder  section  of  the 
new  Madison  Square  Garden  floor 
weighed  96  tons. 


Fig.  45*5.  Cables  often  are  used  by  riggers  to 
fasten  steel  shapes  to  hoisting  cables. 


O 

ERIC 


0^7  Pi 


Erecting  Steel  Frames 


257 


must  be  done  so  the  piece  will  be  in  the  cor- 
rect position  so  it^an  be  fastened  in  place, 
Figs.  45-4  and  45-5.  This  requires  special 
knowledge  about  hoisting  frames,  cables, 
and  ropes,  and  about  hand  signals.  The 
hand  signals  are  used  to  tell  the  crane  op- 
erator what  to  do.  Often  the  crane  operator 
is  out  of  hearing  range  so  hand  signals  are 
necessary. 


Setting  the  Supporting  Steel 

Some  parts  of  a steel  frame  support  other 
parts  of  the  frame.  In  a building,  the  col- 
umns support  the  beams.  In  a tower,  the 
legs  support  the  bracing  that  ties  them  to- 
gether. In  a bridge  frame,  two  or  three 
beams  may  support  all  of  the  other  beams 
or  connecting  pieces.  To  set  up  a steel  skele- 
ton, w’e  must  first  set  the  bottom  pieces  of 
supporting  steel. 

You  have  read  how  anchor  bolts  are  set 
in  the  tops  of  concrete  foundations  in  an 
earlier  assignment.  Anchor  bolts  are  used  to 
fasten  the  structural  steel  frame  to  the 
foundations.  Columns  for  buildings  or  the 
legs  of  towers  ha^e  a steel  plate  welded  to 
the  bottom  of  them.  This  is  called  a base 
plate.  A similar  pie^e  of  plate  may  be 
welded  to  the  bottom  of  a beam  at  the  end 
that  rests  on  the  foundation.  The  base  plate 
has  holes  drilled  in  it  to  match  the  position 
of  the  anchor  bolts.  To  set  the  supporting 
pieces  of  steel,  each  piece  is  lifted  off  the 
truck  with  a crane.  The  base  plate  on  the 
bottom  is  then  set  on  the  foundation  so  that 
the  anchor  bolts  stick  up  through  the  holes 
in  it. 

Base  plates  must  be  set  at  the  correct 
height  which  may  be  V or  2"  above  the 
foundation  concrete.  The  plates  also  must 
be  set  so  they  are  level.  To  set  a base 
plate,  shims  are  placed  between  the  bottom 
of  the  base  plate  and  the  concrete.  Shims 
are  small  square  pieces  of  steel  plate  or 
sheet  steel.  Each  piece  may  be  of  a different 
thickness.  A stack  of  shims  is  set  under 
each  of  the  four  corners  of  the  base  plate 


using  the  thickness  needed  to  set  the  base 
plate  level  and  at  the  correct  height.  Then 
steel  nuts  are  drawn  down  tightly  against 
the  base  plate  to  hold  it  in  place  on  the  shims. 


Setting  the  Connecting  Steel 

After  the  supporting  members  of  a struc- 
tural steel  frame  are  set,  the  connecting 
pieces  of  the  frame  are  placed.  All  members 
of  the  frame,  whether  partly  assembled  or 
not,  are  delivered  to  the  site  by  truck  or,  on 
bridge  construction,  by  barge.  To  help  iden- 
tify it,  each  piece  has  had  a number  marked 
on  it  at  the  steel  shop.  Using  the  numbers 
shown  on  the  shop  drawing,  the  foreman  of 
the  iron  workers  selects  the  right  piece  of 
section.  A crane  with  a double  sling  of  wire 
rope  with  a hook  on  each  end  is  used  to  lift 
the  piece.  The  two  legs  of  the  sling  meet  in 
a steel  ring  at  the  center.  The  hook  on  the 
lifting  line  of  the  crane  is  hooked  into  this 
ring,  and  the  piece  is  lifted.  To  guide  the 
piece  or  section  of  steel,  a length  of  fiber 
rope  is  tied  to  one  end.  This  is  called  a tag 
line.  As  the  crane  lifts  the  steel  member,  one 
of  the  iron  workers  holds  the  tag  line  and 
lets  it  out  slowlj'  to  guide  the  piece  of  steel 
into  position  in  the  framework. 

The  columns  for  the  steel  frame  of  a 
building  usually  are  two  stories  in  height. 
After  they  have  been  set  in  position,  the 
beams  connecting  them  at  the  first  floor 
height  are  placed.  An  ironworker  stands  on 
a ladder  thav.  leans  against  one  column.  As 
the  end  of  the  beam  reaches  him,  he  guides 
the  end  into  position  against  the  connecting 
piece  fastened  to  the  column.  The  holes  in 
the  end  of  the  beam  match  those  in  the  con- 
necting piece. 


Fastening  Steel  Shapes 

Each  ironworker  carries  a spud  wrench 
which  is  stuck  into  a holder  on  a leather 
belt.  The  spud  wrench  has  jaws  on  one  end 
that  fit  around  a nut  or  the  head  of  a bolt. 
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The  other  end  is  a handle  12"  to  18"  long 
that  tapers  down  to  a rounded  point.  When 
one  hole  in  the  beam  is  lined  up  with  the 
correct  hole  in  the  connecting  piece,  he 
pushes  the  point  of  the  wrench  handle 
through  the  two  holes.  This  also  lines  up 
the  other  holes  in  the  connection.  The  iron- 
worker then  takes  bolts  from  a small  pouch 
hanging  from  his  belt  and  puts  them 
through  all  the  holes  of  the  connection.  He 
puts  nuts  on  the  threaded  ends  of  the  bolts 
and  pulls  the  two  pieces  of  steel  together  by 
turning  the  nut  with  the  jaws  of  the  spud 
wrench.  An  ironworker  at  the  other  end  of 
the  beam  does  the  same  thing  at  the  same 
time. 

All  connections  between  parts  of  a struc- 
tural steel  frame  are  made  in  the  same  way. 
The  bracing  pieces  between  the  legs  of  a 
tower  are  connected  just  as  the  beams  are 
connected  between  the  columns  of  a build- 
ing. Each  piece  in  the  frame  for  a bridge 


Fig.  45*6.  Mobile  cranes  are  used  to  handle  steel 
framework  pieces  or  subassemblies  up  to 
the  limits  of  the  crane  boom. 


also  is  placed  in  this  way.  When  sections 
have  been  assembled  in  a yard  and  hauled 
to  the  site,  one  section  is  connected  to  an- 
other in  this  way. 

After  the  pieces  or  sections  are  fastened 
together  with  bolts,  they  must  be  riveted, 
bolted,  or  welded  together  permanently. 
When  they  are  to  be  bolted  together  perma- 
nently, a torque  ivrench  must  be  used.  A 
torque  wrench  operates  something  like  a 
very  slow  electric  drill.  It  turns  the  nut 


Fig.  45-7.  Helicopters  are  sometimes  used  in 
erecting  steel  frames. 
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down  hard  on  the  bolt  until  the  two  pieces 
of  steel  are  pressed  tightly  together.  If  the 
frame  is  to  be  welded  together,  welding  is 
done  around  the  edges  of  the  connecting 
pieces. 


Plumbing  and  Bracing 

Before  the  final  riveting,  bolting,  or  weld- 
ing can  be  done,  the  first  part  of  the  frame 
to  be  braced  must  be  leveled,  plumbed,  and 
then  held  in  position  with  guy  wires.  Gtiy 
wires  are  made  of  steel  wire  rope.  In  a 
building  frame,  they  may  be  fastened  from 
the  bottom  of  one  column  to  the  top  of  an- 
other column.  Guy  wires  also  may  be  fas- 
tened from  the  upper  part  of  a column  to  a 
long  iron  stake  driven  into  the  ground  some 
distance  away  from  the  column.  The  col- 
umns are  plumbed  by  hanging  a plumb  bob 
from  a string  beside  the  column.  When  the 
face  of  the  column  lines  up  with  the  string, 
the  column  is  plumb.  The  number  or  thick- 
nesses of  the  shims  under  the  base  plate  may 


Fig.  45-8.  After  the  columns  and  beams  are  set  and 
partially  fastened,  they  must  be  plumbed 
and  braced.  Then  they  are  rigidly  fastened. 


have  to  be  changed  to  tilt  the  column  until 
it  is  plumb.  See  Fig.  46-8. 

The  same  things  may  have  to  be  done  to 
level  and  plumb  the  steel  frame  for  a bridge. 
It  cannot  be  braced  with  guy  wires  that  go 
down  into  the  water.  However,  it  can  be 
braced  behind  the  shore  line  either  to  stakes 
driven  into  the  ground  or  to  heavy  blocks  of 
concrete.  Some  bridges  have  towers  at  the 
shore  line,  and  guy  wires  can  be  stretched 
from  the  bridge  frame  to  the  top  of  the 
tower. 

Wh?n  the  first  part  of  the  framework  has 
been  plumbed,  leveled,  and  temporarily 
braced  with  guy  wires,  grout  is  forced  in 
around  the  shims  between  the  base  plate  and 
the  concrete  foundation.  Grout  is  a mixture 
of  sand  and  cement  u)ith  very  little  water 
added  to  it.  The  grout  will  set  up,  like  con- 
crete, and  hold  the  base  plate  in  place.  Isiow 
we  can  finish  putting  up  the  steel  frame. 

When  the  steel  for  the  top  of  the  struc- 
ture has  been  set  in  place,  the  structure  is 


Fig.  45-9.  The  "topping  out"  celebration  marks  the 
placement  of  the  highest  framing. 
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said  to  be  “topped  out.”  An  American  flag 
on  a pole  often  is  fastened  to  the  highest 
part  of  the  frame  to  celebrate  the  occasion, 
Fig.  46-9. 


Summary 

Steel  frames  are  assembled  by  iron- 
workers who  use  shop  drawings.  A crane 


is  used  to  set  each  piece  in  place.  Riggers 
attach  the  pieces  to  the  lifting  cable.  Steel 
shapes  may  be  connected  by  bolting,  rivet- 
ing, or  welding.  After  the  lower  part  of  a 
structure  has  been  erected,  the  steel  frame 
is  plumbed  and  braced  with  guy  wires. 

For  tall  structures,  steel  for  the  upper 
levels  is  set  with  a derrick.  The  derrick  is 
placed  at  the  level  of  the  last  steel  erected. 
The  derrick  is  moved  up,  level  by  level, 
until  the  steel  frame  is  “topped  out.” 


Terms  to  Know 

shop 
shapes 
assembled 
derrick 
guy  wires 
cable 
rigger 
shims 
tag  line 
steel  member 
spud  wrench 


Think  About  It! 

1.  Is  there  a steel  framed  building  being 
erected  near  your  home  or  school?  If  so,  is 
it  tall  enough  so  that  a derrick  is  being 
used?  If  not,  how  are  the  steel  shapes 
hoisted  into  place? 

2.  What  advantages  do  steel-framed 
superstructures  have  over  mass  super- 
structures? Over  bearing  wall  super- 
structures ? 


ironworker 

torque  wrench 

plumb  bob 

grout 

plumbing 

bracing 

fastening 

welding 

riveting 

bolting 

structural  steel  erector 


Erecting 
Concrete  Frames 


You  have  studied  how  steel  frames  for 
superstructures  are  put  together  at  the 
building  site.  You  have  read  that  this  is 
done  with  lengths  of  steel  called  steel 
shapes.  In  this  assignment  you  will  study 
how  concrete  frames  are  built.  Some  parts 
of  concrete  frames  may  be  manufactured 
in  a plant  and  then  hauled  to  the  site  where 
they  are  lifted  into  place  with  a crane.  This 
is  much  the  same  way  that  steel  frames 
are  prepared  and  put  up.  Heavy  beams  for 
highway  bridges,  sections  of  concrete  floor 
slabs,  or  T-beams  for  a roof  may  be  put 
up  in  this  way.  However,  most  concrete 
frames  are  built  at  the  site,  Fig.  46-1.  Con- 
crete is  placed  into  position  in  forms  which 
are  built  with  the  inside  surface  in  the 
shape  of  the  finished  frame.  Fig  46-2.  After 


the  concrete  hardens,  the  forms  are  re- 
moved. 

Materials  for  a Concrete  Frame 

Concrete  for  the  frames  of  superstruc- 
tures is  made  in  the  same  way  as  the 
concrete  used  in  foundations.  The  only  dif- 
ference is  that  stronger  concrete  is  needed. 
The  strength  of  concrete  is  measured  by 
how  heavy  a load  it  can  support  after  it 
has  hardened  for  28  days.  Concrete  used 


Fig.  46*2.  Some  forms  are  made  on  the  site.  This 

coiumn  form  shows  the  typicai  assembiy  of 
the  form  facing,  waiers,  and  bracing. 
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in  foundations  is  strong  enough  if  it  can 
support  a weight  of  2,000  pounds  on  each 
square  inch  of  its  surface.  The  concrete  used 
in  frames  may  need  to  support  3,000  pounds 
per  square  inch.  This  stronger  concrete  is 
made  by  putting  more  cement  into  the  same 
quantity  of  sand  and  gravel. 

For  foundations,  we  used  large  masses 
of  concrete.  For  concrete  frames,  we  use 
beams,  columns,  and  thin  slabs  which  are 
much  smaller  in  size.  To  keep  these  from 
cracking  we  need  to  use  more  reinforcing 
steel  than  we  used  in  the  foundations.  For 
the  concrete  forms  we  may  use  the  same 
materials  that  were  used  to  build  the  forms 
for  the  foundation,  but  these  materials  will 
have  to  be  used  in  a different  way. 


Concrete  Columns  and  Walls 

You  will  remember  that  when  steel 
columns  were  set  on  concrete  foundations 
we  used  anchor  bolts  to  fasten  the  columns 
to  the  foundation.  Concrete  columns  are  also 
anchored  to  the  foundation  but  in  a differ- 
ent way.  Pieces  of  reinforcing  steel  called 
dowels  are  placed  in  the  foundation  concrete 
so  that  they  will  stick  up  where  the  column 
is  to  be  built.  Around  these  dowels,  the 
surface  of  the  foundation  concrete  is  left 
rough  so  that  the  concrete  in  the  column 
will  bond  (stick  to)  the  concrete  in  the 
foundation.  The  long  reinforcing  bars  that 
are  used  in  the  column  are  tied  to  the 
dowels  with  wire.  These  long  bars  are  then 
held  in  place  with  hoops  of  smaller  steel 
bars  the  same  way  that  they  were  in  the 
building  of  foundation  piers.  See  Fig.  46-3. 

The  vertical  supports  for  a concrete 
frame  may  be  columns  or  walls.  If  they  are 
walls,  they  will  be  built  just  as  the  walls 
for  foundations  were  built.  If’  they  are 
columns,  they  may  be  square,  rectangular, 
or  round  in  shape.  When  they  are  square  or 
rectangular,  the  forms  for  the  sides  of  the 
column  are  made  up  in  panels.  The  panels 
are  stood  up  to  match  lines  which  have  been 
marked  on  the  top  of  the  foundation  wall. 


The  panels  are  fastened  together  with  short 
pieces  of  waler  that  are  overlapped  at  the 
corners  and  nailed  to  each  other.  Panels 
also  may  be  fastened  together  with  metal 
bars  called  column  clamps.  Sometimes  form 
ties  may  be  used.  The  forms  are  plumbed 
and  braced  just  as  the  pier  forms  were. 
Round  columns  use  curved  metal  forms  like 
those  used  for  piers. 


Concrete  Beams 

The  connecting  pieces  for  a concrete 
frame  may  be  of  any  size  or  shape  but  they 
are  all  called  beams.  They  may  connect  two 
columns,  two  pieces  of  wall,  or  a column 
and  a piece  of  wall.  Column  or  wall  forms 
are  built  up  to  the  level  of  the  beams,  and 
then  the  beam  forms  are  built  before  any 
concrete  is  placed.  The  concrete  is  placed  into 
the  columns  and  the  beams  at  the  same  time 
so  they  will  be  formed  together. 

All  of  the  concrete  that  was  placed  for 
the  foundations  was  supported  on  a bearing 


columns  is  tied  to  exposed  dowels  in  the 
foundation. 


Erecting  Concrete  Frames 


263 


surface  or  on  a footing.  Concrete  beams  are 
suspended  in  the  air.  The  forms  for  the 
beams  and  the  concrete  in  them  must  be 
supported  until  the  concrete  has  hardened 
and  can  support  itself.  You  learned  earlier 
that  shores  are  diagonal  supports  (Reading 
38).  In  addition,  they  are  vertical  supports. 
Shores  are  used  for  supporting  overhead 
concrete  forms.  This  kind  of  a shore  is  a 
post  made  of  a piece  of  dimension  lumber 
such  as  a U”  x k"  or  a k''  ® Metal  shores 
are  made  from  pieces  of  pipe  with  a long 
threaded  bolt  at  one  end  so  that  the  length 
can  be  adjusted.  Shores  are  set  in  a straight 
line  under  the  center  of  the  beam  form. 
They  are  spaced  so  as  to  support  the  load 
of  the  form  and  the  concrete.  The  bottom 
of  the  shore  may  rest  on  the  ground,  on 
foundation  concrete,  or  on  another  beam 
below. 

Across  the  top  of  each  shore  is  nailed 
or  fastened  a piece  of  lumber  at  right  angles 
to  the  line  of  the  beam.  This  piece  is  24" 
to  30"  longer  than  the  width  of  the  bottom 
of  the  beam.  It  is  braced  to  the  shore  under- 


mass of  concrete  until  it  cures.  Notice 
how  the  form  is  constructed. 


neath  with  diagonal  braces.  (Carefully 
study  Fig.  46-4.) 


Fabricating  the  Beam  Form 

The  form  for  a concrete  beam  is  made 
with  a beam  bottom  and  two  beam  side 
pieces.  These  are  made  from  2"  thick  di- 
mension lumber  and  are  cut  to  the  necessary 
width  or  height.  The  line  of  the  beam  has 
been  marked  on  top  of  each  4"  x 4"  that 
rests  on  the  shores.  The  beam  bottom  is 
nailed  to  the  top  of  each  4"  x 4"  along  that 
line.  Then  the  beam  sides  are  nailed  to  the 
beam  bottom  on  each  side.  Each  4"  x 4"  will 
stick  out  beyond  the  beam  sides  about  12" 
or  15".  The  beam  side  is  then  braced  with 
a diagonal  brace  to  the  outside  of  the 
4"  X 4". 

After  the  beam  is  formed,  the  reinforc- 
ing steel  is  set.  The  reinforcing  steel  bars 
in  beams  are  called  trussed  bars.  The  same 
bar  is  bent  so  that  the  central  part  of  it  is 
close  to  the  bottom  of  the  beam.  Toward 
the  ends  the  bar  bends  up  on  a 45°  angle 
so  that  the  ends  are  near  the  top  of  the 
beam.  On  the  end  of  each  bar,  there  is  a 
large  hook  that  hooks  into  the  steel  in  the 
column.  These  bars  may  be  fastened  to- 
gether with  smaller  bars  like  the  hoops  in 
a column.  Fig.  46-6. 


Fabricating  Suspended  Slab  Forms 

Using  only  columns  and  beams,  we  may 
build  a concrete  frame  for  a structure.  In 
that  case,  when  the  beam  forms  were  fin- 
ished, we  could  pour  concrete  into  the 
column  and  beam  forms.  But  very  often  we 
will  want  to  pour  a concrete  floor  slab  as 
part  of  the  concrete  beam.  For  this,  we  must 
build  in  between  the  beam  forms  a sup- 
ported form  for  the  slab.  Fig.  46-6. 

To  build  a slab  form,  we  will  start  by 
placing  shores  every  4'  in  rows,  and  place 
a 4"  X 4"  on  top  of  each  row  of  shores. 
The  4"  X 4"  is  called  a stringer.  At  right 
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of  the  concrete  slab,  they  are  set  on  small 
wire  supports,  called  chairs,  that  rest  on  the 
plywood  surface. 


angles  to  the  4"  x 4",  we  will  place  a 2"  x 
4"  or  2"  X 6"  every  16"  from  one  end  of 
the  slab  to  the  other.  These  will  be  stood  on 
edge  and  nailed  to  the  stringers.  These 
pieces  are  called  joists.  Over  the  joists,  we 
will  nail  sheets  of  plywood  to  form  the 
facing  for  the  underside  of  the  concrete 
slab.  Where  the  slab  meets  the  beam,  the 
beam  side  is  cut  down  so  that  the  plywood 
can  be  nailed  to  the  top  of  it. 

The  reinforcing  steel  for  the  slab  is  set 
on  the  plywood.  These  are  straight  bars  set 
at  intervals  of  4",  6",  or  8"  in  both  direc- 
tions. The  bars  are  fastened  together  where 
they  cross.  To  keep  them  above  the  bottom 


Fig.  46-5.  The  hooks  on  the  ends  of  beam  trussed 

bars  will  hook  into  the  column  reinforcing. 

SURFACE  OF  FINISHED  CONCRETE  SLAB 
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Fig.  46-6.  Here  is  a typical  beam  and  slab  form. 

Notice  that  the  becim  is  cast  in  place 
along  with  the  concete  slab. 


Placing  the  Concrete 

Concrete  is  placed  in  forms  for  the  frame 
of  a structure  in  much  the  same  way  it  was 
placed  in  the  foundation.  The  concrete  is 
placed  in  the  column  forms  a short  time 
before  the  concrete  is  placed  in  the  forms 
for  the  beams  and  slabs.  Concrete  shrinks  a 
little  as  it  sets  up.  We  let  this  shrinkage 
take  place  before  the  other  concrete  is 
placed. 

If  the  structure  is  not  very  high,  we  may 
place  the  concrete  by  using  a crane  with  a 
long  boom.  A concrete  bucket  is  hung  from 
the  hook  on  the  lifting  cable.  For  taller 
structures,  we  may  have  to  use  a hoist.  A 
hoist  is  like  an  elevator  in  a tall  building. 
It  is  a steel  framework  that  is  set  against 
the  side  of  the  structure  in  which  an  en- 
closed platform  is  raised  or  lowered  by 
cables.  The  hoist  can  be  stopped  at  any 
level  of  the  structure.  A concrete  buggy 
full  of  concrete  is  pushed  into  the  hoist  cage 
at  ground  level  and  then  raised  to  the 
height  needed.  There  the  buggy  is  taken  out 
and  pushed  over  runv/ays  to  reach  the  point 
where  it  is  to  be  dumped.  Fig.  46-7. 


Fig.  46-7.  Concrete  buggies  may  be  used  to  haul 
concrete  from  hoppers  to  the  forms. 
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In  the  building  of  foundations,  the  forms 
may  be  removed  from  the  concrete  within  a 
day  or  two.  With  beams  and  slabs,  there  is 
nothing  to  support  the  concrete  if  the  forms 
and  shores  are  removed.  So,  to  be  sure  the 
concrete  for  the  beams  and  slabs  is  strong 
enough  to  support  its  own  weight,  we  must 
leave  the  forms  in  place  for  one  or  two 
weeks. 


Finishing  Concrete  Frames 

Some  of  the  concrete  surfaces  in  a struc- 
tural concrete  frame  may  be  left  exposed 
when  the  structure  is  finished.  These  sur- 
faces will  be  finished  in  the  same  ways  that 
were  described  for  foundation  concrete.  The 
top  surfaces  of  concrete  slabs  will  usually 
be  given  a smooth,  steel  trowelled  finish  so 
that  tile  or  other  flooring  can  be  put  over 
them.  Generally,  the  columns,  the  underside 
of  concrete  slabs,  and  many  of  the  beams 
will  be  covered  by  other  surfacing  materials 
and  will  not  need  to  be  finished  by  rubbing 
or  trowelling. 


Precast  Concrete  Shapes 


forms  around  them.  Prestressed  concrete 
is  stronger  than  concrete  reinforced  with 
rods,  but  it  is  more  expensive. 

Precast  or  prestressed  concrete  beams 
often  are  used  for  highway  bridges.  These 
beams  are  set  in  place  side  by  side  on  the 
foundation,  and  the  road  paving  is  placed 
over  the  top  of  them. 

Instead  of  making  a concrete  slab  when 
the  concrete  is  placed,  precast  or  pre- 
stressed concrete  slabs  or  planks  in  2'  or 
3'  widths  can  be  used.  The  ends  of  these 
planks  are  supported  on  the  concrete  beams. 
The  beams  in  a structural  steel  frame  or 
masonry  walls  can  also  be  used  to  support 
precast  concrete  slabs. 


Summary 

Concrete  frames  for  superstructures  are 
usually  built  on  the  site,  although  some 
parts  may  be  manufactured  in  a plant.  The 
materials  used  for  making  concrete  frames 
are  the  same  as  those  used  for  foundations 
except  that  the  concrete  is  stronger. 

Supports  for  concrete  frames  are  usually 
columns  connected  by  beams.  The  beams 
rest  on  top  of  the  columns.  Columns  are 


[ Some  parts  of  a concrete  frame  can  be 

^ made  in  a manufacturing  plant  and  hauled 

I to  the  site  for  erection.  These  pieces  are 

^ called  precast  concrete  shapes.  They  are 

f made  of  the  same  kind  of  concrete,  but 

I instead  of  using  wood  for  the  forms,  metal 

[ is  used.  Fig.  46-8.  Concrete  placed  in  foun- 

i dations  or  in  concrete  frames  is  cured  by 

i wetting  it  or  coating  it  with  curing  com- 

I pounds.  Precast  concrete  is  cured  <'i  the 

I manufacturing  plant  with  steam. 

[ Some  precast  concrete  shapes  are  called 

[ prestressed  concrete.  Prestressed  concrete 

f is  not  reinforced  with  reinforcing  rods  such 

\ as  those  used  in  other  kinds  of  concrete, 

t Prestressed  concrete  uses  wires  for  rein- 

\ forcing  the  concrete.  Like  the  wires  on  a 

I violin,  these  wires  are  stretched  very  tightly  Fig.  46-8.  Steel  domes  are  being  removed  without 

i and  then  the  concrete  is  poured  in  the  damaging  the  concrete  surfaces. 
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Fig.  46-9.  Here  some  workmen  are  assembling  forms  while  others  are  placing  and  finishing  concrete.  Note  the 
small  square  sections  in  the  form.  One  of  these  can  be  seen  in  detail  in  Fig.  46-8. 
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made  in  the  same  way  as  foundation  piers. 
Forms  for  concrete  beams  and  slabs  must 
be  supported  on  posts  called  shores.  The 
shores  support  the  forms  and  the  concrete 
until  the  concrete  hardens. 

A concrete  bucket  lifted  by  a crane  or 
concrete  buggies  lifted  by  a hoist  may  be 
used  to  place  concrete  in  forms.  Forms 
cannot  be  removed  from  structural  frames 
for  one  or  two  weeks  after  the  concrete  is 
placed. 

Precast  concrete  shapes  may  be  beams 
for  highway  bridges,  slabs  for  steel  or 
concrete  frames,  or  T-beams  for  roofs  or 
structures.  Some  precast  concrete  is  pre- 
stressed. 


Terms  to  Know 

concrete  columns 

concrete  beams 

column  clamp 

shores 

forms 

bond 


trussed  bars 
stringer 
joists 
hoist 

precast  concrete 
prestressed  concrete 


Fig.  46-10.  This  hyperbolic  paraboloid  roof  form  is 
typical  of  new  uses  of  concrete. 


Think  About  It! 

1.  Why  must  the  concrete  used  in  concrete  - 
formed  superstructures  be  stronger  than 
the  concrete  used  in  foundations? 

2.  What  are  some  advantages  of  using  pre- 
cast concrete  shapes?  In  the  future,  do 
you  think  more  or  less  precast  struc- 
tural members  will  be  used? 


Erecting  Concrete  Frames 
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Generally  wood  frames  are  used  for 
small  buildings  such  as  houses.  The  frames 
(skeletons)  for  these  buildings  may  be  sub- 
divided into  three  major  parts:  (1)  floor 
framing,  (2)  wall  framing,  and  (3)  roof 
framing.  Most  floor  framing  is  made  up  of 
horizontal  members  which  are  called  joists. 
Most  wall  framing  is  made  up  of  vertical 
members  which  are  called  studs.  Most  roof 
framing  is  made  up  of  sloped  members 
which  are  called  rafters. 

In  the  days  when  nails  were  scarce  and 
labor  and  lumber  were  plentiful,  most 
builders  used  heavy  timbers  for  framing 
(4"x4",  6"x6",  8"x8").  These  large 

pieces  of  timber  were  joined  with  wood 
pins.  Fig.  47-1.  Now,  labor  and  lumber  are 
more  expensive,  and  nails  have  become 
cheaper.  As  a result,  framing  members  are 
now  pieces  of  small  dimensional  lumber 


Fig.  47-1.  Before  metal  nails  were  invented,  heavy 

timbers  were  fastened  together  with  wood 
pins. 


Building 
Wood  Frames 

(usually  2"  x 4",  6",  8",  10"  or  12")  joined 
with  nails. 

The  major  steps  in  erecting  wood  frames 
at  the  site  are: 

1.  Laying  out  and  marking  the  locations 
and  positions  of  the  framing  members 
according  to  the  blueprint, 

2.  Marking  off  the  lengths  of  lumber, 

3.  Sawing  the  lumber, 

4.  Assem.bling  the  parts,  and 

5.  Leveling  and  plumbing  the  frame. 


Setting  Sills 

To  secure  and  hold  the  wood  framing  to 
the  foundation,  an  anchor  bolt  is  first  set 
every  5'  or  6'  along  the  center  of  the  top  of 
the  footing  or  wall.  The  threaded  end  of 
the  bolt  is  pointing  up.  Fig.  47-2. 


Fig.  47-2.  An  anchor  bolt  has  been  installed  in  the 
top  of  a foundation  wall. 


268 


Building  Wood  Frames 


269 


To  begin  construction  of  the  frame,  a sill 
is  laid  on  top  of  the  foundation.  The  sill  is 
a horizontal  piece  of  lumber  and  is  the  bot- 
tom piece  of  the  frame.  Hc.es  are  marked 
and  drilled  in  the  sill  so  that  the  sill  can 
drop  down  over  the  anchor  bolts.  A thin 
layer  of  grout,  which  is  a mixture  of  sand, 
cement,  and  water,  may  be  placed  under 
the  sill  to  help  level  it.  After  the  sill  is 
leveled,  it  is  held  in  place  by  tightening 
nuts  down  on  the  threads  of  the  anchor 
bolts.  Fig.  47-3. 


Fig.  47-3.  A sill  plote  is  being  fastened  with 
anchor  bolts. 


Fig.  47'4.  Floor  joists  have  been  nailed  in  place  with 
solid  bridging  between  them. 


In  some  areas  of  the  United  States, 
termites  (wood-eatir^  insects)  are  a prob- 
lem. Termites  can  eat  their  way  through 
framing  and  make  tunnels  which  weaken 
the  structure.  The  repair  of  termite- 
weakened  framing  members  can  be  very 
costly. 

In  areas  where  there  are  termite  prob- 
lems, a termite  shield  made  from  a strip  of 
sheet  copper  is  placed  under  the  sill.  The 
shield  stretches  along  the  full  length  of 
the  sill  and  extends  on  either  side.  This 
shield  helps  to  keep  the  ground-dwelling 
termites  from  burrowing  through  holes  or 
cracks  in  the  foundation  into  the  wood 
frame. 


Assembling  Joists 

Joists  are  planks  set  on  edge.  They  are 
placed  to  give  a base  on  which  the  flooring 
materials  can  rest.  Joists  rest  on  sills  and 
extend  from  one  foundation  wall  to  the 
foundation  wall  on  the  other  side.  Fig.  47-4. 
We  may  think  of  joists  as  floor  beams,  but 
they  are  laid  much  closer  together  than  are 


Fig.  47-5.  Carpenters  measure  and  locate  the  wood 
frame  on  16"  or  24"  centers. 
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beams.  Generally  joists  are  set  16"  on  center. 
See  Fig.  47-5, 

The  ends  of  joists  are  held  in  place  by 
nailing  them  to  a header,  Fig.  47-6.  A 
header  is  a piece  of  lumber  of  the  same 
dimensions  as  the  joists.  Headers  are  set 
flush  to  the  outside  edge  of  the  sill.  Bridg- 
ing is  used  to  hold  the  center  of  the  joists 
firm  and  to  keep  them  from  bending  or 
twisting.  Bridging  also  helps  to  transfer  a 
heavy  load  above  one  joist  to  an  adjoining 
one.  Bridging  is  made  from  1"  x 4"  boards, 
short  lengths  of  joists,  or  specially  made 
pieces  of  metal. 


Assembling  Girders 

When  the  distance  between  two  founda- 
tion walls  is  great,  a girder  may  be  used  to 
support  the  j oists.  A girder  is  stronger  than 
the  joists  used  in  a frame.  In  a wood  frame, 
the  girder  may  be  a piece  of  steel  I-beam. 
It  might  also  be  three  or  four  pieces  of 
planking  nailed  or  bolted  together.  Because 
they  are  stronger  than  joists,  girders  can 
span  more  distance  than  can  joists. 

Girders  may  rest  on  sills,  foundation 
piers,  or  steel  columns.  Fig.  47-7.  Joists  may 
rest  on  a girder  as  they  do  on  a sill.  Some- 


Fig.  47-6.  Shown  here  is  a box  sill  with  header,  sill 
plate,  and  sill  shield. 


times  a girder  is  placed  at  the  same  level  as 
the  joists.  Then  the  joists  are  butted  against 
the  girder.  When  wooden  girders  are  used, 
the  joists  rest  on  a ledger  which  is  a strip 
of  wood  nailed  to  the  side  of  the  girder,  or 
they  rest  in  special  metal  hangers.  The 
joists  are  toenailed  to  the  girder.  When 
steel  girders  are  used,  the  joists  may  rest 


SLL  PLATE 


Fig.  47-7.  A girder  is  supported  by  the  foundation 
wall  and  post  or  lolly  column. 


end  of  the  wood. 
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on  and  be  toenailed  to  a piece  of  planking 
which  is  fastened  to  the  top  of  the  I- 
boam.  If  the  joists  are  butted  to  the  beam, 
they  are  notched  to  fit  the  beam  and  a 
ledger  which  is  bolted  to  the  face  of  the 
beam.  The  joists  are  then  toenailed  to  the 
wood  ledger.  See  Fig.  47-8. 


Laying  Subflooring 

A subfloor  is  nailed  to  the  top  of  the 
joists.  Because  a second  floor  is  always 
placed  on  top  of  it,  this  floor  is  called  the 
rough  flooring  or  subflooring.  Boards  or 
pieces  of  plywood  are  used  for  the  sub- 
flooring. The  boards  have  tongues  and 
grooves.  The  tongue  of  one  hoard  fits  into 
the  groove  of  the  next  board.  This  keeps 
the  boards  from  twisting  and  makes  a 
tighter  floor.  The  subflooring  boards  are  not 
laid  straight  across  the  joists.  They  are 
slanted,  Fig.  47-9.  When  sheets  of  plywood 
are  used,  they  are  laid  perpendicular  to  the 
joists. 


Assembling  Wall  Frames 

When  the  subflooring  has  been  placed, 
the  walls  for  the  first  floor  of  the  building 
are  laid  out.  The  exterior  walls  are  directly 
over  the  outside  foundation  walls.  The  in- 
terior (partition)  walls  are  usually  over  an 
inside  foundation  wall  or  over  a girder.  The 


Building  Wood  Frames 

walls  of  the  first  floor  usually  are  framed 
with  2"  X 4"  lumber.  A piece  of  2"  x 4" 
lumber,  laid  flat,  is  nailed  to  the  subflooring 
exactly  where  the  wall  is  to  be.  This  piece 
of  lumber  is  called  the  sole  plate. 

To  complete  the  wall  framing,  pieces  of 
2''  X 4"  lumber  are  cut  to  the  length  needed 
and  are  stood  on  end  16"  on  center  along 
the  sole  plate.  They  are  toenailed  in  place. 
Across  their  top  is  placed  a top  plate  of 
2"x4"  lumber  nailed  to  the  top  of  the 
skids.  A second  top  plate  is  nailed  over  the 
first.  The  end  joints  in  the  two  plates  are 
staggered  to  make  the  top  plate  more  like 
one  continuous  piece. 

Another  way  of  building  a wall  is  to  first 
assemble  it  on  the  floor.  The  wall  is  then 
tilted  up  and  nailed  into  position.  The  second 
top  plate  is  nailed  on,  overlapping  where 
walls  join,  to  tie  the  walls  together  and  to 
stiffen  them. 

There  are  two  common  ways  of  bracing 
studs  to  keep  them  from  bending  or  twist- 
ing. One  way  is  to  place  short  lengths  of 
2"x4"  lumber,  called  fire  blocks,  horizon- 
tally between  the  studs.  These  fire  blocks 
serve  as  braces  as  well  as  draft  stops  to 
prevent  the  spread  of  fire  in  a building. 
These  blocks  are  nailed  in  line,  or  they  may 
be  staggered  above  and  below  a line  for 
ease  in  nailing.  Another  common  way  to 
brace  studs  is  to  use  diagonal  let-in  braces. 
A brace  is  set  to  run  from  one  top  corner 
of  the  frame  down  to  some  point  on  the  sole 
plate  at  an  angle  of  approximately  45°. 
This  makes  a triangular  frame  within  the 
wall  section  and  makes  the  frame  rigid  and 
solid.  In  the  studs,  notches  are  cut  to  the 
thickness  of  the  diagonal  brace  so  that  they 
do  not  interfere  with  the  installation  of  the 
sheathing  material.  (Study  Fig.  47-10.) 


Additional  Stories 

After  one  story  of  the  frame  is  com- 
pleted, a second  story  may  be  built  in  the 
same  way.  Joists  and  headers  are  placed 
on  the  top  plate  of  the  first  story  and 


Fig.  47-9.  The  subfloor  has  been  nailed  in  place. 
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covered  with  a subflooring.  Walls  are  built 
on  top  of  this  to  form  the  second  story. 
Additional  floors  may  be  added  in  this  same 
way. 

Exterior  wall  frames  are  covered  with 
sheathing.  Sheathing  makes  the  frame 
more  rigid  and  makes  a surface  to  which 
the  finished  siding  material  can  be  attached. 
Boards  or  manufactured  sheet  materials  are 
used  for  sheathing.  They  are  nailed  to  the 
wall  studs. 


Assembling  Roof  Frames 

Most  wood-framed  buildings  have  sloped 
roofs.  The  top  of  the  slope  is  called  the 
ridge.  The  bottom  of  the  slope  is  called  the 
eave.  To  frame  the  roof,  rafters  are  used. 
The  rafters  rest  on  the  top  plates  and  meet 
at  the  ridge.  Rafters  are  pieces  of  lumber 
set  on  edge,  Fig.  47-11.  Where  the  lower 
end  of  the  rafter  rests  on  the  top  plate,  a 


Fig.  47-10.  This  wall  section  shows  the  sole  plate, 
studs,  bracing,  sheathing,  and  top  plates. 


notch  is  cut  so  that  there  will  be  a flat  edge 
resting  on  the  top  plate.  Usually  the  rafter 
goes  a foot  or  more  past  the  face  of  the 
wall.  This  holds  the  rooflng  that  goes  be- 
yond the  outside  wall.  Rafters  are  set  in 
pairs  sloping  down  each  side  of  the  roof. 
These  pairs  of  rafters  meet  at  a ridge 
board  along  the  top.  The  ridge  board  gives 
a straight  line  on  which  the  rafters  can 
meet  and  helps  to  brace  the  rafters  at  the 
top.  If  the  rafters  are  very  long,  a colkr 
beam  is  used  to  bracp  them.  Fig.  47-12.  This 


Fig.  47-11.  This  carpenter  is  fastening  rafters  to  the 
rafter  plate. 
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Fig.  47-12.  The  illustration  shows  a sloped  roof  and 
Its  froming  members. 
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is  a piece  of  lumber  nailed  to  each  of  the 
two  rafters  facing  each  other.  The  collar 
beam  is  placed  about  half-way  down  the 
rafters. 

Trussed  roof  members  may  be  used  in 
place  of  the  conventional  rafters.  Trusses 
may  be  made  on  the  site,  or  they  may  be 
manufactured  off  the  site.  Trusses  usually 
combine  the  rafters  and  ceiling  joists  into 
one  triangular  piece.  The  truss  is  then  in- 
stalled as  a unit,  Figs.  47-13  and  47-14. 

Roof  frames  are  covered  with  roof  deck- 
ing which  serves  the  same  purpose  as 
sheathing  and  subflooring.  Fig.  47-15. 
Boards  or  sheet  material  are  nailed  over 
the  rafters.  The  rafters  are  usually  covered 
over  completely.  Sometimes,  when  wood 
shingles  are  used,  spaces  are  left  between 
roof  decking  to  save  material  and  to  allow 
better  air  circulation  to  dry  the  shingles 
after  wet  weather. 


Summary 

Wood  framing  is  used  for  small  buildings 
such  as  houses.  Precut  dimensional  lumber 
or  manufactured  sections  are  brought  to 
the  site  and  are  used  as  framing  materials. 
The  main  framing  members  are  called 
joists,  studs,  and  rafters. 


Fig.  47-13.  This  illustration  shows  the  parts  of  a 
roof  truss. 


To  begin  the  framing,  sills  are  laid  over 
anchor  bolts  on  top  of  the  foundation  wall. 
Floor  joists  are  laid  on  sills  to  cross  the 
space  between  the  walls  and  are  then 
braced  with  bridging.  Girders  make  it  pos- 
sible to  use  shorter  joists  where  the  dis- 
tance between  walls  is  too  long  to  be 
spanned  by  one-piece  joists.  A subflooring 
is  placed  over  the  joists. 

The  framing  for  the  walls  is  laid  on  a 
sole  plate  and  nailed  to  the  subfloor.  Studs 
(vertical  pieces)  are  used  in  the  walls. 


Fig.  47-14.  Roof  trusses  manufactured  off  the  site 

will  be  installed  on  top  of  the  structure. 


Fig.  47-15.  Sheathing,  or  roof  decking,  is  used  to 
cover  a roof. 
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They  are  nailed  to  the  sole  plate.  Then  a 
top  plate  is  nailed  on  top  of  the  studs. 
Studs  may  be  braced  by  fire  blocks  or  by 
diagonal  bracing.  Exterior  walls  are  made 
rigid  by  covering  them  with  sheathing 
material. 

Roofs  are  framed  with  rafters  or  trusses. 
Roof  decking  is  nailed  over  the  roof  fram- 
ing to  serve  the  same  purposes  as  sheath- 
ing on  walls  and  subflooring  on  joists. 


Terms  to  Know 

subfloor 
tongues 
grooves 
exterior  wall 
interior  wall 


joists 

studs 

rafters 

sill 

termites 


on  center 

assembling 

header 

bridging 

toenailed 

girder 

ledger 


sole  plate 
top  plate 
ridge 
eaves 

collar  beam 
trusses 


Think  About  It! 


1.  Why  is  wood  framing  used  for  structures 
such  as  houses?  Are  wood-framed  struc- 
tures common  in  your  neighborhood?  If 
not,  why? 

2.  In  the  future,  wood-framed  structures 
may  be  built  completely  in  a factory  and 
transported  to  the  site.  Can  you  see 
any  advantage  in  such  a plan?  Any 
disadvantages  ? 


ROOF  DECKING- 

rooT 

-RAFTER  PLATE  (DOUBLE) 


2nd  FLOOR  STUD 


.2nd  FLOOR  SOLE  PLATE 

-2nd  FLOOR  JOIST 

'BRIDGING 
1st  FLOOR  TOP  PLATE  (DOUBLE) 


1st  FLOOR  STUD 

SHEATHING 
SILL  PLATE 

TERMITE  SHIELD-*-< 
ANCHOR  BOLT 

FOUNDATION 


SUBFLOOR 

BRIDGING 

1st  FLOOR  JOIST 


POST  OR  STEEL 
COLUMN 


Fig.  47*16.  Shown  here  Is  a cross  section  of  a house  and  its  composite  framing  members. 
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utilities  are  services  such  as  water,  waste 
disposal,  electricity,  gas,  and  communica- 
tions. Utilities  need  to  be  installed  in  many 
structures  in  order  for  them  to  serve  the 
purpose  for  which  they  were  constructed. 
The  utility  systems  which  provide  the  serv- 
ices also  require  much  construction.  Fig. 
48-1. 

Utilities  are  a part  of  and  service  almost 
all  constructed  works.  For  example: 

1.  Tunnels  must  be  lighted  and  ventilated. 

2.  Highways  need  traffic  controls  and 
drainage. 

3.  Bridges  may  need  lighting  and  controls 
for  raising  or  opening  them. 

Most  utility  installation  work  is  in  connec- 
tion with  buildings.  In  many  modem  build- 


Fig. 48-1.  Some  pipelines  that  carry  water  to 

treatment  plants  are  so  large  that  they 
must  be  constructed  on  the  site. 


Installing  Utilities 


ings,  the  cost  of  installing  the  utilities  is 
more  than  the  cost  of  the  rest  of  the  build- 
ing. The  rest  of  this  reading  will  be  about 
installing  utilities  in  buildings  and  about  the 
construction  of  the  systems  which  bring  the 
utilities  to  the  buildings.  Fig.  48-2. 

Utilities  are  installed  both  inside  and  out- 
side buildings.  For  instance,  all  the  electric 
power  equipment  which  is  outside  a building 
is  considered  an  “outside  utility.”  The  wir- 
ing system  within  the  building  is  an  “inside 
utility.”  Usually  the  electric  power  company 
provides  the  outside  electrical  system.  The 
building  owner,  through  the  general  con- 


Fig.  48-2.  A city  cannot  operate  without  the  services 
of  utilities.  Many  utility  lines  (pipes,  wires) 
are  hidden  between  walls  or  are 
underground. 
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tractor  and  the  electrical  subcontractor,  pro- 
vides the  inside  wiring  system. 

In  describing  utilities,  v;e  shall  assume 
that  we  have  an  office  building  provided 
with: 

1.  A water  and  a waste  disposal  system, 

2.  Electricity  for  lighting  and  air  condi- 
tioning, 

3.  Gas  to  heat  the  building  and  to  heat 
water,  and 

4.  Telephone  service. 

The  equipment,  supplies,  and  labor  for  these 
utilities  may  be  from  one-third  to  two-thirds 
of  the  entire  cost  of  a building,  Fig.  48-2. 
Thus,  the  architect  or  engineer  designing  the 
utilities  systems  has  a job  almost  as  big  as 
the  task  of  designing  the  rest  of  the  struc- 
ture. 

Water 

A city  usually  draws  its  water  from  a 
river,  a reservoir,  or  a system  of  wells.  The 
water  is  pumped  through  an  underground 
pipeline  (a  pipe  of  large  diameter),  Fig.  48- 
1.  After  being  purified,  it  is  piped  through- 
out the  city  in  pipes  of  various  sizes.  These 
pipes,  called  water  mains,  usually  are  laid 
beneath  the  streets. 

While  our  building  is  being  built,  the  wa- 
ter main  at  the  edge  of  the  property  is 
tapped.  That  is,  a hole  is  bored  in  the  main, 
and  a small  diameter  entrance  pipe  is  placed, 
leading  from  the  tap  to  the  building.  Usually 
a meter  and  a shutoff  valve  are  placed 
in  the  entrance  line.  To  distribute  water 
throughout  the  building,  craftsmen  install 
smaller  pipes  which  connect  to  each  plumb- 
ing fixture.  Sometimes,  the  smaller  pipes  also 
connect  to  a fire-protection  system  of  sprink- 
lers or  hydrants.  The  water  flows  into  and 
through  the  building  as  the  result  of  pres- 
sure from  gravity  or  pumps. 

Sewerage 

A system  of  pipes  which  carries  off  excess 
or  waste  water  is  called  a sewerage.  One 


branch  of  the  system  is  called  a sewer. 
There  are  two  types:  (1)  sanitary  sewers 
and  (2)  storm  sewers.  Sanitary  sewers  carry 
waste  water  (sewage)  away  from  plumbing 
fixtures  and  into  a sewer  pipe  leading  from 
our  imaginary  building.  This  pipe  is 
“tapped”  into  a city  sewer  main  which  usu- 
ally lies  under  or  close  to  a street,  Fig.  48-3. 
The  sewer  mains  lead  to  a city  sewage  treat- 
ment plant.  There  the  waste  water  is  purified 
and  discharged,  usually  into  a stream. 

Water  falling  as  rain  or  snow  on  the  roof 
of  our  building  runs  into  gutters  and  down- 
spouts. It  is  carried  into  a system  of  storm 
sewers  which  also  drain  water  from  the 
streets.  You  have  probably  seen  the  drains 
at  street  corners,  where  water  passes  from 
the  streets  to  the  storm  sewer. 

Storm  sewage,  unlike  sanitary  sewage, 
usually  is  not  treated  (cleaned)  before  it  is 
discharged  into  natural  drainage  systems. 
Both  kinds  of  sewage  usually  flow  as  a re- 
sult of  gravity,  although  sometimes  they 
must  be  pumped. 

Electricity 

Electricity  is  a form  of  energy.  It  involves 
the  movement  of  electrons.  Ordinary  electric 


Fig.  48-3.  These  workers  are  preparing  to  lay  a 


small  plastic  sewerage  pipeline. 
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current  is  a controlled  flow  of  electrons 
through  a wire  or  other  conductor.  Power 
plants  generate  electric  current  by  convert- 
ing the  energy  of  falling  water,  atomic  fis- 


Fig.  48-4.  In  this  power  plant,  atomic  fission  supplies 
heat  energy  which  is  converted  to 
electrical  energy. 


sion,  Fig.  48-4,  or  fossil  fuels  to  electrical 
energry,  or  electricity.  The  fossil  fuels  include 
coal,  petroleum,  and  natural  gas. 

Voltage  is  a measure  of  the  electrical 
force  needed  to  push  electric  current  through 
wires.  Electric  current  is  transmitted  from 
a power  plant  at  high  voltage,  in  wires  held 
up  by  high  steel  towers  such  as  you  may 
have  seen  out  in  the  country.  When  the  elec- 
tricity reaches  the  city,  a transformer  re- 
duces the  voltage.  A transformer  reduces 
the  electrical  force  in  the  line.  See  Fig. 
48-6.  The  electric  power  is  then  distributed 
throughout  the  city  in  wires  strung  on  poles 
or  buried  underground.  Underground  wires 
usually  are  placed  in  a duct  or  conduit. 
Conduit  is  a metal,  plastic,  or  tile  pipe.  The 
conduit  protects  the  wires. 

Just  before  the  power  reaches  our  imagi- 
nary building,  it  goes  through  another  trans- 
former to  lower  the  voltage  to  240  volts. 
The  utility  company  installs  a drop  (made 
up  of  3 Wires)  leading  from  the  transformer 
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to  the  building,  Fig.  48-6.  Upon  reaching  the 
building,  the  wires  are  pulled  through  a 
metal  conduit  (pipe)  to  a meter.  From  the 
meter,  the  wires  are  connected  to  a fuse 
(circuit  breaker)  box. 

Workmen  employed  by  the  electrical  sub- 
contractors install  the  “inside  utility.”  From 
the  fuse  box,  they  put  wires  in  conduit  or 
use  flexible  cable  to  distribute  the  power  to 
all  lighting  fixtures,  to  air  conditioning  and 
heating  equipment,  and  to  all  floor  and  wall 
outlets.  See  Fig.  48-7. 


Gas 

Some  fuel  gas  is  manufactured,  but  a 
great  deal  exists  in  a natural  form  under- 
ground. Most  gas  used  today  is  natural  gas 


Fig.  48-6.  Before  electricity  reaches  a building,  it 
enters  a transformer  where  voltage  is 
further  reduced.  A "drop"  made  up  of 
three  wires  leads  from  the  transformer 
to  the  building. 


produced  by  wells  in  certain  parts  of  the 
country.  From  the  gas  fields,  high-pressure 
pumps  force  the  gas  through  large  diameter 
pipelines  to  distant  cities.  Fig.  48-8.  There 
the  pressure  is  reduced  (lowered)  and  the 


Fig.  48-7.  Inside  o building,  electricity,  is  distributed 
to  light  fixtures  and  other  electrical 
equipment  by  wires  in  conduit  or  flexible 
cable.  Conduits  protect  the  wires. 


Fig.  48-8.  Underground  pipes  may  have  a fiber  gloss 
.reinforced  asphaltic  coating  such  os  the 
one  being  put  on  this  transcontinental 
pipeline. 
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gas  is  distributed  throughout  the  city  in 
pipes  (called  gas  mains)  under  the  streets, 
similar  to  water  mains.  To  serve  our  build- 
ing, the  gas  company  “taps”  the  main  and 
lays  an  underground  line  about  2"  in  dia- 
meter. As  the  gas  line  enters  the  building, 
the  pressure  is  again  reduced,  and  a meter 
is  installed  in  the  line.  Through  pipes  in- 
stalled by  a subcontractor’s  men,  the  gas  is 
piped  to  the  gas  burning  appliances. 

Heating  and  Air  Conditioning 

The  furnace  and  the  air  conditioner  may 
be  separate  units.  Usually  they  are  parts  of 
the  same  unit.  The  burning  of  gas  supplies 
heat,  and  compressors  operated  by  electric- 
ity supply  the  cooled  or  “chilled”  air.  Both 
the  furnace  and  the  compressors  may  be 
controlled  by  setting  a thermostat.  The 
thermostat  is  a control  device  by  which  the 
temperature  in  the  building  may  be  kept 
constant. 

The  heated  or  chilled  air  is  carried  about 
the  building  in  sheet  metal  ducts.  Fig.  48-9. 


Fig.  48-9.  Ductwork  circulates  fresh,  hot,  and  cold 
air.  Insulation  may  be  used  to  prevent 
heat  loss. 


These  ducts  are  rectangular  or  square  and 
may  vary  in  size  from  4”  x 10”  to  much 
larger.  The  air,  at  low  pressure,  moves 
slowly  through  these  ducts  from  the  furnace 
or  air  conditioner  to  the  various  rooms.  The 
air  enters  through  a grill  device  called  a 
register. 

There  are  also  other  registers,  either  in 
each  room  or  in  the  halls,  through  which  the 
air  returns  to  the  furnace  and  the  air  con- 
ditioning unit.  There  it  is  filtered  (to  remove 
dirt  and  dust)  and  again  heated  or  cooled 
and  circulated  throughout  the  building. 
These  ducts  are  called  return  air  ducts. 


Communications 

From  each  telephone  in  our  building, 
wires  lead  to  one  central  point  where  they 
enter  an  equipment  cabinet.  The  wires  are 
connected  to  relays  (used  for  switching)  in 
the  cabinet.  The  wires  from  the  cabinet 
leave  the  building  bound  into  a cable  con- 
taining many  individual  wires.  Outside,  this 


Fig.  48-10.  Some  communications  systems  have  an  air 
gap  in  the  circuit.  This  microwave  tower 
is  used  by  the  Union  Pacific  Railroad  to 
send  traffic  control  signals  through  the  air. 
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joins  a larger  cable  running  on  poles  or  in 
underground  ducts.  Many  cables  lead  to  a 
central  telephone  office  where  there  are  op- 
erators and  dialing  equipment. 

Central  telephone  offices  may  communi- 
cate with  each  other  either  through  cables 
or  by  means  of  special  radio  broadcasting 
and  receiving  equipment.  Relay  stations  re- 
ceive and  retransmit  radio  messages.  Some 
relay  stations  are  located  in  high,  steel  tow- 
ers, with  disk-shaped  antennas.  Fig.  48-10. 
Others  are  man-made  satellites  circling  the 
earth  at  great  heights. 


Other  Utilities 

A building  may  include  many  other  utility 
systems  such  as: 

1.  Steam, 

2.  Chilled  water.  Fig.  48-11, 

3.  Compressed  air, 

4.  Oxygen, 

5.  Teletype  and  telegraph  communica- 
tions, and 

6.  Built-in  television  and  radio  cables. 


Networks  of  Utilities 

It  should  be  easy  to  see  why  the  utility 
lines  within  a building  are  a large  part  of 
the  cost  of  the  structure,  sometimes  the 
largest  part.  Utility  lines  must: 

1.  Operate  satisfactorily  and  safely, 

2.  Not  interfere  with  each  other,  and 

3.  Generally  be  hidden  or  blended  into  the 
floors,  walls,  and  ceilings. 

The  architects  and  engineers  who  design 
them,  and  the  craftsmen  who  install  them, 
must  remember  all  of  these  requirements. 

Outside  our  building,  the  average  city 
street  covers  a complicated  web  of  water 
lines,  sewer  lines,  gas  mains,  and  sometimes 
electric  power  and  communication  cables.  In 
large  cities  these  are  so  numerous  that  sev- 
eral or  all  of  the  utility  lines  sometimes  pass 
together  through  concrete-lined  tunnels.  In 
any  case,  each  utility  company’s  engineers 
must  keep  careful  records  and  drawings  of 
the  locations  of  all  lines,  along  with  valves, 
manholes,  and  junctions. 

Summary 

The  utilities — water,  sewerage,  electricity, 
gas,  communications,  and  others — provide 


Fig.  48-12.  A modorn  building  requires  a complex 
network  of  utilities.  W'  at  distribution 
lines  for  utilities  are  shown? 


Fig.  48-11.  Pipe  fitting  technology  is  required  to 
install  this  180-ton  water  chilling  plant. 
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essential  services  to  structures  and  the  peo- 
ple who  use  them.  The  electrical  and  me- 
chanical work  (both  equipment  and  labor) 


may  be  a large  part  of  the  cost  of  any 
structure.  Most  permanent  structures  re- 
quire one  or  more  utilities,  Fig.  48-12. 
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Communications 
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air  conditioning 


Gas 


Water 


Terms  to  Know 


utilities 

a.  inside  utilities 

b.  outside  utilities 
communications 
distribute 
reservoir 

water  mains 

sewage 

sewerage 

a.  sanitary  sewers 

b.  storm  sewers 
treated  sewage 


electricity 

electrons 

generate 

converting 

voltage 

transformer 

duct 

conduit 

gas  mains 

thermostat 

return  air  ducts 

“tap”  a main 


Think  About  It! 


1.  What  utilities  service  your  home?  Can 
you  think  of  others  which  are  used  in 
your  community? 

2.  What  are  some  of  the  problems  you  would 
have  if  all  the  utilities  you  use  were  sud- 
denly shut  off? 

3.  Describe  some  utility  construction  now 
going  on  near  your  home  or  school. 


Installing 
Heating,  Cooling, 
and  Ventilating 
Systems 


This  lesson  introduces  what  is  done  to  the 
air  in  a structure  so  that  the  people  inside 
are  comfortable  and  so  that  whatever  ac- 
tivity is  to  take  place  can  proceed.  For  ex- 
ample, in  a greenhouse  where  flowers  are 
raised,  the  air  temperature  must  be  kept 
well  above  freezing.  We  shall  describe  ways 
in  which  air  is  treated  and  how  treated  air 
can  be  moved  throughout  the  structure.  Fig. 
49-1. 


Methods  of  Treating  Air 

Air  is  heated  either  by  a centrally  located 
furnace  or  by  separate  heating  units.  Gas, 
oil,  coal,  or  electricity  may  provide  the  heat 
source.  Gas  is  now  the  most  commonly  used 
fuel. 


Fig.  49-1.  Sheet  metal  ducts  are  Installed  to  send 
treated  air  to  various  points  within  a 
structure. 


Air  is  cooled  either  in  centrally  located 
air-conditioning  units  or  in  electric  window 
units.  Central  units  run  on  gas  or,  more  of- 
ten, electricity.  Some  electric  air  condition- 
ing units  can  also  provide  heating.  These 
are  called  heat  pumps  or  reverse-cycle  units. 

Fresh  air  for  ventilating  is  drawn  in  from 
outdoors.  Some  outdoor  air  has  too  much 
water  vapor  (called  humidity)  for  comfort. 
Humidity  may  cause  you  to  feel  quite  un- 
comfortable on  a cloudy,  damp  day,  even 
when  it  is  not  especially  hot.  Humidity  m^ 
be  taken  away  from  the  air  by  a dehumidi- 
fier which  may  work  with  heat  and  fans  or 
with  chemicals. 

Some  air  has  too  little  water  vapor  for 
comfort.  You  may  not  feel  comfortable  in  a 
warm,  dry  room  without  some  moisture  in 
the  air.  Humidity  is  added  to  the  air  by  a 
humidifier,  which  may  work  by  spraying  fine 
drops  of  water  or  by  evaporating  water  into 
the  air. 

One  other  way  to  treat  air  is  to  pass  it 
through  filters.  A filter  is  .usually  a fine 
screen  of  fiber,  metal,  or  plastic  which  re- 
moves dust  and  dirt,  in  much  the  same  way 
that  window  screens  keep  insects  from  pass- 
ing through.  Some  filters  are  permanent  and 
require  periodic  cleaning.  Other  filters  are 
disposable.  They  are  thrown  away  when 
dirty,  and  view  ones  are  installed.  There  are 
also  filters  which  use  electronics  or  sound  to 
collect  unwanted  particles  from  the  air. 


Distribution 

Sometimes  air  is  not  heated  directly.  In- 
stead, the  burning  fuel  heats  water  to  a 
high  temperature  or  even  until  it  evaporates 
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into  steam.  The  hot  water  or  steam  is  then 
sent  through  the  building  in  a system  of 
pipes.  In  each  room  there  is  a radiator  to 
heat  the  air.  In  some  cases  wires,  pipes,  or 
tubing  are  hidden  in  the  floor  or  ceiling  and 
these  serve  as  radiators. 

Usually,  the  fuel  heats  the  air  itself  and 
the  air  is  sent  through  the  building  in  a sys- 
tem of  ducts.  Ducts  are  thin-walled  pipes 
which  may  be  circular  or  rectangular  in 
cross  section. 

A fan  or  blower  in  a duct,  near  the  heat- 
ing source,  creates  a slight  pressure  which 
forces  the  warm  air  slowly  through  the 
duct.  The  air  must  not  be  moved  rapidly.  A 
noticeable  breeze  or  draft  in  a room  would 
not  be  desirable.  Often  high-pressure  duct 
systems  are  used  in  large  buildings  so  that 
smaller  ducts  can  be  used,  thereby  using 
less  space.  In  these  systems,  the  speed  of 
the  air  must  be  reduced  (to  prevent  a 
draft)  before  it  enters  each  room. 

Air  from  the  duct  system  enters  each 
room  through  a register.  The  same  duct- 
work which  delivers  warm  air  in  winter  can 


Fig.  49-2.  The  pneumatic  conveying  equipment 
shown  here  transports  flour  to  various 
points  in  the  flour  mill. 


also  carry  cool  air  in  summer,  if  an  air- 
cooling  unit  is  built  into  the  system. 


The  Air  Return  System 

Removing  used  or  polluted  air  from  struc- 
tures is  just  as  necessary  as  introducing 
treated  air.  For  this  purpose,  return  air 
(exhaust)  registers  open  into  a second  set 
of  ducts.  A slight  vacuum,  created  by  fans, 
pulls  the  stale  air  slowly  through  the  return 
air  ducts.  This  used  air  may  be  exhausted 
to  the  outdoors,  or  it  may  be  refiltered,  re- 
heated, or  recooled,  and  then  recirculated. 


Pneumatic  Conveying  and  Recovery 
Systems 

The  primary  concern  in  this  reading  is 
with  the  use  of  sheet  metal  ductwork  as  it 
is  used  in  the  controlling  of  the  climate  in- 
side a structure.  Sheet  metal  ducts  have  an- 
other major  use  which  will  only  be  brought 
to  your  attention  here.  Many  of  the  same 
techniques  used  to  fabricate  and  install  air 
distribution  and  return  systems  also  are 
used  in  industry  to  move  materials  as  well 
as  air.  These  are  called  pneumatic  convey- 
ing and  recovery  systems. 

Pneumatic  conveying  is  used  to  carry  ma- 
terials such  as  grain,  flour,  and  even  bolts 
and  nuts  from  receiving  or  storage  areas  to 
where  they  are  needed.  Fig.  49-2.  A stream 
of  air  is  used  to  carry  the  materials  inside 
a duct  instead  of  using  more  complicated 
conveyor  belts  or  containers. 

Pneumatic  recovery  systems  may  be  com- 
pared with  a home  vacuum  sweeper.  In 
these,  waste  materials  such  as  wood  shav- 
ings are  drawn  up  and  carried  to  a collection 
point.  There  they  are  settled  or  filtered  out 
of  the  air  stream. 

Pneumatic  conveying  and  recovery  sys- 
tems are  designed,  engineered,  fabricated, 
and  installed  in  much  the  same  way  as  are 
ductwork  systems  which  carry  only  air.  One 
major  difference  is  that  pneumatic  systems 
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seldom  require  a source  of  heat  or  cold.  The 
rest  of  the  systems  have  much  in  common 
because  they  include  the  blowers,  ducts,  fil- 
ters, humidity  regulators,  and  controls. 


Who  Installs  the  Ducts 

The  duct  system  is  carefully  planned  by 
a mechanical  engineer.  He  determines  the 


Fig.  49-3.  This  forming  machine  produces  ducting. 


Pig,  49.4.  These  sheet  metal  mechanics  are  operating 
a power  press,  forming  the  sheet  metal 
into  the  shape  required. 


size  of  the  ducts  based  on  the  amount  of  air 
per  minute  that  should  move  through  each 
duct. 

The  general  contractor  usually  subcon- 
tracts the  ductwork  either  to  a sheet  metal 
subcontractor  or  to  a mechanical  subcon- 
tractor who  does  both  sheet  metal  work  and 
plumbing.  The  subcontractor  prepares  de- 
tailed shop  drawing.*?  which  show  how  each 
part  is  to  be  made.  After  the  engineer  ap- 
proves the  shop  drawings,  sections  of  duct- 
work are  made  up  in  the  subcontractor’s 
shop.  Figs.  49-3  and  49-4.  The  ductwork  is 
then  installed. 


Fig.  49-5.  Can  you  trace  the  flow  of  return  air 

through  the  air  conditioner  and  back  into 
the  room? 


n 
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The  people  who  fabricate  (make)  and  in- 
stall the  ducts  are  skilled  craftsmen  called 
sheet  metal  workers.  They  also  perform 
many  other  tasks  involving  sheet  metal  work 
in  construction. 


Installing  Ducts 

Sheet  metal  ducts  are  larger  near  the  fur- 
nace or  air  conditioning  unit.  They  become 
smaller  and  smaller  as  they  deliver  the  air 
to  the  rooms.  This  gradual  reduction  of  the 
duct  size  helps  keep  the  pressure  about  the 
same  throughout  the  duct,  Fig.  49-5. 

Ducts  are  hung  in  place  by  straps  or  rods 
and  angles,  Fig.  49-6.  Joints  between  sec- 
tions of  duct  are  usually  made  by  slipping 
one  section  inside  another,  with  a sealer. 
Sometimes  metal  bands  are  placed  across 
the  junction  of  two  sections  to  form  a joint. 
Fig.  49-7. 

Ducts  must  be  so  located  that  they  do  not 
interfere  with  other  utility  lines,  such  as 
water  or  sewer  pipes  and  electrical  conduits. 
This  is  true  when  all  utilities  must  be 
crammed  into  openings  (called  chases)  be- 
tween different  parts  of  a structure.  Often 
main  sheet  metal  ducts  run  between  the 
ceiling  of  one  story  and  the  floor  of  the 
story  above,  usually  in  a hallway. 

Because  ductwork  is  often  hidden  within 
the  finished  structure,  it  is  hard  to  make 
changes  or  repairs  after  it  is  once  in  place. 
Therefore,  it  must  be  installed  skillfully. 
Particular  skill  is  required  to  fabricate  and 
install  ductwork  when  the  ducts  change  di- 
rection, size,  or  shape. 

As  sheet  metal  ducts  usually  carry  air 
that  is  warmer  or  cooler  than  the  air  outside 
the  ducts,  some  type  of  insulation  may  be 
needed  to  reduce  heat  loss.  Mats  of  fiber-' 
glass  or  plastic  foams  are  used  to  cover 
ducts.  The  insulation  mats  may  be  fastened 
in  place  with  adhesives  or  metal  fasteners. 
Occasionally  the  insulation  is  built  into  the 
duct  as  a lining. 


Controls 

Not  only  must  heat,  cold,  and  humidity  be 
provided,  but  they  must  also  be  controlled 
so  that  a building  does  not  get  too  hot,  too 
cold,  too  damp,  or  too  dry.  Also,  the  speed 
of  the  air  in  the  ducts  must  be  controlled  to 
prevent  drafts  and  yet  provide  enough  ven- 
tilation, Fig.  49-8. 

The  air  temperature  in  a building  is  con- 
trolled by  an  electrical  device  called  a ther- 
mostat. It  combines  a thermometer  with  a 
control  switch  which  may  be  set  at  a desired 
temperature.  The  thermostat  automatically 
turns  on  the  furnace  or  air  conditioner  when 
the  temperature  varies  from  the  set  figure 
by  a small  amount. 

A humidity  regulator  (culled  a humidi- 
stat)  automatically  controls  the  amount  of 
water  vapor  added  to  the  air  by  a humidifier 
or  taken  out  of  the  air  by  a dehumidifier. 
This  keeps  the  desired  amount  of  water  va- 
por in  the  air  at  all  times. 

The  flow  of  air  into  a room  may  be  con- 
trolled by  a damper,  either  at  the  register 
or  in  the  duct.  Fig.  49-9.  The  damper  is 
made  of  one  or  more  pieces  of  metal  which 
can  be  moved  to  block  the  air  flow.  It  serves 


Fig.  49-6.  These  sheet  metal  workers  are  installing 
hangers  to  concrete  with  a .22  caliber 
stub  gun. 
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the  same  purpose  in  ducting  that  a faucet 
serves  in  piping.  The  damper  can  be  set  so 
that  very  little,  some,  or  nearly  all  the  air 
can  pass  around  it. 


Summary 

Heating,  cooling,  and  ventilating  systems 
provide  a comfortable  climate  within  struc- 
tures. This  climate  is  an  atmosphere  of 
clean,  pure  air  at  the  correct  temperature 
and  humidity  without  excessive  drafts.  Usu- 
ally central  units  treat  the  air,  which  then 
flows  through  ductwork  to  where  it  is 
needed.  Air  is  also  exhausted  and  either  dis- 
charged to  the  outside  or  retreated.  Proper 
controls  of  heat,  cooling,  humidity,  and  air 
flow  are  necessary  to  providing  a pleasant 
indoor  climate. 


Fig.  49-7.  Two  sections  of  a duct  are  locked 

together  with  a cap  strip  which  completes 
a cap-strip  seam. 


Fig.  49-8.  The  air  conditioning  of  an  entire  structure 
is  controlled  at  this  panel. 


Fig.  49-9.  Sometimes  the  flow  of  air  is  regulated  by  a 
mechanical  control  called  a "damper." 
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Terms  to  Know 

ventilating 

air  conditioning 

humidity 

dehumidifier 

humidifier 

treated  air 

draft 

polluted  air 
ductwork 
radiator 
exhaust 


pneumatic  conveying 
system 

pneumatic  recovery 
system 
fabricate 
ducts 

perimeter  heating 
adhesives 
metal  fastener 
humidity  regulator 
damper 


filtered  thermostats 

circulated  purifying 


Think  About  It! 

1.  State  four  ways  in  which  air  can  be 
changed  or  “treated”. 

2.  What  are  the  names  of  several  devices 
that  control  temperature,  humidity,  or 
the  flow  of  air  in  a room? 

3.  Why  might  it  be  easiest  to  install  duct- 
work before  plumbing  or  wiring? 


Constructing  Sheet  Metal 
Duct  Systems 


Designing 


Engineering 


Fabricating 


Installing 


““Heating 

^Cooling 

■“Humidifying 

•—Purifying 


"“Supplying 

—Returning 

^Exhausting 


■“Dampers 
— Humidistats 
^Thermostats 
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Installing 
Plumbing  Systems 


This  lesson  describes  plumbing  systems 
inside  buildings,  and  the  next  lesson  covers 
piping  systems  outside  of  buildings.  Outside 
systems  are  built  chiefly  of  rigid  pipe. 
Plumbing  in  a building  may  use  rigid  pipe, 
flexible  tubing,  or  both.  A previous  reading 
described  sheet  metal  duct  systems  through 
which  air  moves  slowly,  under  very  slight 
pressures.  Plumbing  systems  carry  gases 
and  liquids  which  move  rapidly  at  pressures 
varying  from  the  weight  of  the  gas  or  liquid 
(gravity)  to  extremely  high  pressures. 
Sometimes  the  pressure  is  6,000  pounds 
upon  each  square  inch  of  pipe.  All  plumbing 
and  piping  systems  must  be  tight  enough  to 
prevent  any  leakage.  Fig.  60-1. 


Major  Kinds  of  Plumbing  Systems 

Plumbing  systems  are  used  to  move  the 
following : 

1.  Fresh  water, 

2.  Hot  water  or  steam, 

3.  Water  for  fire  protection, 

4.  Gases, 

5.  Other  fiuids,  and 

6.  Sewage. 

The  piping  material  used  depends  upon  (1) 
the  type  of  plumbing  system,  (2)  the  de- 
signer of  the  system,  and  (3)  local  building 
codes  and  standard  practices. 


Fig.  50-1.  The  boilermaker  installs  thousands  of  pipes 
to  make  up  this  large  boiler. 


Who  Does  the  Plumbing 

The  number,  type,  and  location  of  plumb- 
ing fixtures,  appliances,  and  equipment  are 
determined  by  the  architect.  Figs.  60-2  and 
60-3.  The  piping  needed  to  serve  them  is  de- 
signed by  an  engineer  who  makes  sure  that 
building  codes  and  good  practice  are  fol- 
lowed. The  general  contractor  usually  sub- 
contracts the  plumbing  to  a plumbing  sub- 
contractor or  a mechanical  subcontractor, 
who  also  may  do  the  sheet  metal  work.  The 
subcontractor  prepares  detailed  shop  draw- 
ings of  the  plumbing.  After  the  engineer  ap- 
proves his  drawings,  the  plumbing  subcon- 
tractor begins  the  installation.  He  directs 
the  work  of  plumbers  who  install  water, 
gas,  and  sewerage  lines.  He  also  employs 
steam  fitters  for  putting  in  steam  or  hot- 
water  lines  used  for  heating  or  industrial 
uses.  Fig.  60-4.  Both  plumbers  and  steam 
fitters  are  highly  skilled  craftsmen. 
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Fig.  50-2.  The  fresh  water  piping  system  within  a building  is  shown.  Can  you  trace  the  fresh  water  flow  from  the 
street  main  to  the  shower  head? 


Fig.  50-3.  The  building  sanitary  and  storm  sewer  piping  systems  are  shown.  Can  you  trace  the  drainage  from  the 
bathtub  to  the  sanitary  sewer?  . 
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Piping 

Piping  is  used  to  make  a plumbing  sys- 
tem. Piping  consists  of  (1)  rigid  straight 
lengths,  (2)  curved  lengths  of  flexiblcj  tub- 
ing, and  (3)  fittings  such  as  couplings,  tees, 
ells  (elbows)  at  various  angles,  Y's,  crosses, 
reducers,  and  unions.  See  Fig.  60-5.  A re- 
ducer connects  a pipe  of  one  size  to  a pipe 
of  a smaller  size.  A union  is  placed  into  a 
system  of  piping  so  that  it  can  be  taken 
apart,  at  that  point,  for  repairs.  WTiere  a 
piping  system  is  under  pressure,  valves  are 
placed  in  the  lines  to  shut  off  or  turn  on  a 
part  of  the  system.  Valves  are  not  used  in 
sewerage  systems  because  the  lines  must  be 
open  to  perform  their  functions  at  all  times. 

Pipe  size  is  specified  by  a number  which 
is  called  the  nominal  size.  It  is  related  to  the 
pipe  diameter,  but  for  many  kinds  of  pipe 
and  tubing,  it  is  neither  the  inside  nor  the 
outside  diameter.  For  example,  V2"  galva- 
nized iron  pipe  has  an  inside  diameter  of 
about  and  an  outside  diameter  of  about 

m". 

All  pipe  fittings  which  are  made  to  be 
used  together  are  standardized.  Threaded 


Fig.  50-4.  Many  pipes  are  needed  to  distribute 


liquids  and  gases  in  manufacturing  plants. 


y<^'  galvanized  pipe  will  fit  together  with 
standard  elbows  and  tees  specified  as 
threaded.  A pipe  die  which  will  cut  a stand- 
ard thread  on  this  pipe  is  called  a pipe 
die.  None  of  these  items  actually  has  a y<^’ 
diameter,  but  they  are  all  designed  for  use 
together. 

Some  copper  piping  is  purchased  in  the 
form  of  flexible  tubing  in  rolls  up  to  100' 
long.  The  nominal  diameter  ranges  from  1/4" 
to  12".  (The  true  outside  diameter  of  copper 
tubing  is  slightly  larger  than  its  nominal 
size.)  Rigid  copper  pipe  is  also  available  in 
standard  lengths.  Copper  pipe  can  be  ob- 
tained in  nominal  sizes  of  to  12".  It  is 
more  expensive,  per  foot,  than  flexible  cop- 
per tubing  of  the  same  nominal  size. 


Installing  Piping 

At  the  building  site,  copper  tubing  is  cut 
to  the  lengths  needed.  Lengths  of  copper 


Fig.  50-5.  Those  are  typical  pipe  sections  and  fittings. 
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tubing  are  joined  with  couplings,  tees,  or  ells 
at  bends  in  the  lines.  All  these  fittings  are 
made  to  slide  over  the  end  of  the  piping  very 
tightly.  Then  they  are  sealed  by  a thin  film 
of  solder,  Fig  50-6.  This  is  called  a sweated 
joint.  The  soldering  metal  is  called  lead 
solder,  but  it  is  actually  an  alloy  of  lead  and 
tin. 

Black  steel  or  galvanized  steel  piping 
systems  are  assembled  at  the  site  from  20' 
lengths  of  pipe  that  are  cut  to  the  length 
needed.  They  are  assembled  with  fittings  such 
as  couplings,  ells,  or  tees.  Steel  pipe  is  harder 
than  copper  tubing,  and  can  be  threaded. 
Therefore,  steel  pipe  of  small  diameter  is 
assembled  using  threaded  joints.  After  the 
pipe  has  been  cut  to  length,  the  proper  thread 
size  is  set  up  in  a threading  machine,  and  a 
thread  is  cut  into  the  end  of  the  pipe. 

All  pipe  fittings  are  threaded  by  the  man- 
ufacturer. A compound,  often  called  pipe 
dope,  is  smeared  on  the  pipe  thread  before 
the  fitting  is  screwed  onto  it.  When  this  pipe 
dope  hardens,  it  seals  the  threads  and  pre- 
vents leaks. 

As  the  piping  must  be  adjusted  or  tailored 
to  each  particular  building,  most  pipe  of  less 


Fig.  50-6.  Copper  pipe  fittings  are  fastened  together 
by  soldering. 


than  4"  diameter  is  cut,  fitted,  and  threaded 
at  the  site.  Often,  when  the  same  pattern  of 
piping  is  used  over  and  over  as  in  a multi- 
story building,  parts  of  it  may  be  prefabri- 
cated in  a shop.  Pipe  of  4"  or  larger  size 
is  hard  to  handle  and  to  thread  on  the  job. 
It  is  often  put  together  in  a pipe  shop  and 
taken  to  the  site. 

Pipe  systems  using  pipe  larger  than  4" 
diameter  can  be  assembled  by  welding  two 
lengths  together  at  their  ends  (Fig.  50-7) 
or  by  welding  flanges  to  the  ends  of  two 
pieces  of  pipe.  The  flanged  pieces  of  pipe  are 
bolted  together  and  can  be  taken  apart. 

Cast-iron  soil  pipe  systems  are  assembled 
using  lead  joints.  Each  length  of  cast  iron 
soil  pipe  has  a flared  end  called  the  bell  end. 
The  other  end  of  the  pipe  is  called  the  spigot 
end.  The  spigot  end  of  one  pipe  or  fitting  is 
placed  in  the  bell  of  the  adjoining  pipe  or 
fitting.  The  space  around  the  spigot  end  is 
packed  with  oakum  (a  greasy  packing) 
for  an  inch  or  so.  The  rest  of  the  bell  is 
poured  full  of  hot  lead. 

Clay  pipe  used  for  storm  drainage  is  also 
of  the  bell  and  spigot  type,  but  the  joints 


Fig.  50-7.  These  large  diameter  pipes  have  been 
joined  by  welding. 
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Fig.  50-8.  Plastic  pipe  is  joined  by  using  a special 
solvent  cement. 


Fig.  50-9.  This  plumber  is  tightening  a joint  in  a pipe 
network.  Did  the  plumber  design  the 
network? 


are  filled  with  a cement  grout  (a  mixture 
of  cement,  sand,  and  water). 

Plastic  pipe  is  now  used  in  many  applica- 
tions. It  has  the  advantages  of  flexibility  and 
of  not  being  affected  by  corrosive  liquids  or 
gases.  Special  techniques  are  required  to  as- 
semble and  install  plastic  pipe.  Mastics  or 
cements  often  are  used  to  join  plastic  pipe, 
Fig.  50-8.  Also,  the  pieces  may  be  clamped 
together.  Fig.  50-9.  These  practices  are  not 
commonly  used  with  other  kinds  of  piping. 

If  a structure  is  to  be  built  on  a slab,  some 
piping  is  installed  before  the  concrete  for 
the  slab  is  placed.  The  parts  of  the  piping 
which  extend  above  the  slab  are  called 
risers. 

The  horizontal  part  of  piping  systems  is 
hung  from  the  underside  of  floor  slabs  or 
from  ceilings,  using  a pipe  hanger.  Where 
pipe  runs  vertically  up  a building,  special 
hangers  are  used  to  fasten  it  to  the  wall. 
Piping  systems  must  be  fastened  to  the 
structure  to  prevent  strains  in  the  piping 
which  can  cause  it  to  leak.  All  plumbing  must 
be  carefully  installed.  People  and  property 
may  be  harmed  by  plumbing  failures.  For 
example,  leaks  may  cause  fires  (from  gas), 
expensive  repairs  (replacing  water-damaged 
plaster),  and  even  death  (being  overcome  by 
sewer  gas). 


Summary 

Plumbing  systems  distribute  liquids  and 
gases  throughout  a building,  in  pipes  of 
• various  sizes  and  materials.  Special  com- 
pressed-air piping  systems  can  carry  solid 
substances. 

Architects  determine  the  number,  type, 
and  location  of  plumbing  fixtures,  appliances, 
and  equipment.  An  engineer  determines  what 
piping  should  be  used  to  service  them.  The 
actual  plumbing  work  is  usually  directed  by 
a subcontractor  who  employs  skilled  crafts- 
men. All  the  personnel  involved  with  plumb- 
ing must  work  carefully  to  make  sure  that 
the  plumbing  does  not  leak  and  that  mate- 
rials can  flow  freely  through  the  pipes. 
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Plumbing 


Terms  to  Know 

flexible 

reducer 

joints 

union 

valves 

nominal  size 

couplings 

threaded 

solder 

tees 

ells 

pipe  dope 
pipe  die 


welding 

flanges 

bell  eiid 

spigo!;  end 

soil  pipe  systems 

risers 

mastic 

pipe  hanger 

diameter 

vent 

standard  thread 
grout 


- Standpipes  and 
hydrants 

L Sprinklers 


-Fuel 
- Others 


- Assembling 


Securing  or 
supporting 


Think  About  It! 

1.  Two  separate  piping  systems  are  required 
for  most  structures,  ^at  are  they? 

2.  List  four  materials  carried  through 
plumbing  systems. 

3.  l^at  is  the  name  given  to  the  person 
whose  trade  or  craft  has  prepared  him 
to  install  piping  systems  in  your  home? 


Other  fluids 


Sewage 


-Sanitary 

Storm 


Installing 
Piping  Systems 

In  the  previous  lesson  you  read  about 
'plumbing.  It  is  piping  inside  a building. 
This  lesson  is  about  pipelines.  They  are 
piping  systems  outside  of  buildings. 

Pipelines  are  generally  of  larger  diameter 
than  the  pipes  within  a building.  One  pipe- 
line may  serve  several  buildings,  a whole 
city,  or  even  a group  of  cities.  Pipelines 
usually  have  thick  walls  to  resist  heavy 
internal  (inside)  pressures  and  to  prevent 
damage  from  the  outside.  Fig.  51-1. 

Trenching 

A few  pipelines  are  placed  on  or  above 
ground,  but  most  pipelines  are  laid  in 
trenches  beneath  the  surface  of  the  earth. 


Fig.  51-1.  Pipelines  are  generally  larger  than  pipes 
within  a building. 


There  they  are  less  likely  to  be  damaged 
and  are  not  exposed  to  severe  changes  in 
temperature. 

Two  types  of  construction  equipment  are 
used  to  dig  trenches  for  pipelines : the 
backhoe  and  the  trencher.  The  backhoe  has 
a long,  jointed  arm  with  a bucket  on  the 
end.  The  edge  of  the  bucket  is  lined  with 
teeth.  In  digging,  the  arm  of  the  backhoe 
is  first  stretched  out,  and  the  bucket  is 
dropped  into  the  ground  to  rest  on  its  teeth. 

The  arm  then  is  pulled  in  toward  the 
machine  to  dig  the  trench.  Fig.  51-2. 

The  trencher  has  a large  wheel  to  which 
small  buckets  are  attached.  As  the  wheel 
revolves,  the  buckets  dig  into  the  ground  , 
and  pick  up  earth  which  is  then  thrown  into 


Fig.  51-2.  This  backhoe  operator  is  digging  the 

trench  in  which  the  pipe  on  the  right  will 
be  laid. 
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piles  along  the  sides  of  the  trench.  As  the 
trench  is  dug,  bracing  sometimes  has  to  be 
placed  between  the  sides  of  the  trench  to 
keep  them  from  caving  in. 


Laying  Pipe 

Pipe  usually  is  laid  with  a crane.  It  must 
be  placed  in  the  trench  at  exactly  the  correct 
height  and  slope,  Figs.  51-3  and  51-4.  This 
is  most  important,  particularly  in  sewer 
lines.  Sewer  pipes  are  laid  at  a slight  slope 
so  that  the  waste  water  will  flow  down 
toward  the  sewage  treatment  plant.  Fig. 
51-5.  Sometimes  sewage  has  to  be  pumped, 
but  this  is  avoided  whenever  possible. 

After  the  pipe  has  been  placed  in  the 
trench,  the  trench  is  backfilled.  This  can  be 
done  with  a bulldozer  by  pushing  the  narth, 
a little  at  a time,  into  the  trench.  It  also 
may  be  done  with  a crane  which  has  a 
clamshell  bucket  hanging  from  the  end  of 
its  boom.  This  bucket  picks  up  a load  of 
earth  and  drops  it  into  the  trench.  The  earth 
around  the  pipe  is  pounded  down,  or 
tamped,  by  a hand  operated  or  a power 


Fig.  51-3.  This  excavating  machine  is  performing  the 
"cradling"  operation,  preparing  the 
foundation  for  a pipeline. 


driven  tamper.  Figs.  51-6  and  51-7.  Filling 
and  tamping  continue  until  the  surface  is 
level.  Above  the  pipe,  at  grade  level,  the 
earth  is  also  pushed  together  (compressed) 
by  a roller  or  by  the  treads  or  wheels  of  a 
heavy  tractor.  Tamping  and  rolling  prevent 
the  surface  of  the  earth  around  the  pipe 
from  settling  later. 


Fig.  51-4.  Eoch  of  these  concrete  pipe  sections 

weighs  24  tons.  They  are  carefully  laid  in 
place  by  the  crane. 


Fig.  51 -5i  Some  pipes  run  over  the  land  and  obstacles. 
This  sewer  pipe  is  supported  on  piers. 
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Who  Installs  Pipelines 

Pipelines  are  carefully  designed  by  civil 
engineers.  When  designing  piping  systems, 
civil  engineers  will: 

1.  Lay  out  the  route, 

2.  Specify  pipe  sizes, 

3.  Choose  locations  for  pumping,  process- 
ing, or  treatment  plants,  and 

4.  Select  equipment  for  these  plants. 
Pipelines  are  usually  installed  by  mechanical 
contractors,  some  of  whom  specialize  in  pipe- 
line construction.  Often  an  owner  will  install 
a pipeline  with  his  own  employees.  The 
craftsmen  involved  are  the  operating  engi- 
neers who  operate  the  construction  machin- 
ery (backhoes,  trenchers,  bulldozers,  and 
cranes)  and  the  pipe  layers,  who  may  also 
be  plumbers,  pipe  fitters,  steam  fitters,  or 
boilermakers. 

Water  flows  through  a pipeline  from  a 
river,  a reservoir,  or  a well  to  a water 
treatment  plant  near  the  city.  The  water  is 
then  distributed  throughout  the  city  by  a 
connected  series  of  pipelines.  Every  effort  is 
made  to  have  the  water  flow  by  gravity 
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whenever  possible.  Sometimes  it  is  necessary 
to  use  pumps. 

Water  systems  usually  use  cast  iron  or 
concrete  pipe,  although  steel,  asbestos, 
cement,  copper,  or  plastic  pipe  is  some- 
times used.  Cast  iron  pipe  has  an  extremely 
long  life.  Some  which  were  installed  over  150 
years  ago  are  still  in  use. 

Joints  in  cast  iron  pipe  may  be  of  three 
types:  lead,  mechanical,  and  compression. 
Lead  joints  are  similar  to  those  on  cast  iron 
soil  pipe  inside  a building.  Lead  is  poured 
into  a space  (formed  by  the  opening  between 
a bell  and  a spigot)  between  pipes  to  seal 
them  together.  On  mechanical  joint  pipe, 
bolts  hold  the  two  pieces  of  pipe  together. 
A gasket,  or  piece  of  pliable  material,  seals 
the  joint  against  leakage. 

A compression  joint  (connection)  is  made 
by  forcing  the  plain  end  of  one  pipe  into 
the  bell  of  the  adjoining  pipe  in  which  a 
rubber  gasket  has  been  placed.  The  gasket 
clamps  tightly  around  the  plain  end  and 
fits  tightly  into  the  bell  to  seal  the  joint. 

Concrete  pipe  usually  has  steel  reinforce- 
ment placed  inside  to  increase  its  strength. 


Fig.  51-6.  This  tamping  operation  is  being  performed 
by  a multiwheel  pneumatic  compactor..  It 
can  do  the  work  of  many  men. 
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To  make  joints,  the  smaller  end  of  one  pipe 
is  pushed  into  the  bell  of  the  next  pipe. 
Grout  (mixture  of  cement  and  sand)  is 
used  to  fill  the  bell.  There  are  also  many 
types  of  rubber  gaskets  for  joints. 

Water  pipelines  have  all  types  of  fittings 
(tees,  ells,  and  others,  as  described  in  the 
last  lesson).  Quite  a number  of  valves  are 
used  so  that  the  water  in  any  one  part  of  the 
city  (sometimes  a single  block)  may  be  shut 
off  for  repairs  or  for  new  construction.  Also, 
city  water  distribution  systems  include  a 
large  number  of  fire  hydrants. 


Sewerage 

A piping  system  which  collects  sanitary 
sewage  or  storm  drainage  (or  both)  is 
called  a sewerage.  The  piping  material  is 
usually  vitrified  clay.  The  clay,  which  must 
be  of  a certain  type,  is  mixed,  with  salt. 
After  shaping,  it  is  fired  (heated  in  a kiln 
to  a high  temperature).  This  process  gives 
the  pipe  a hard,  vitreous  (glass-like)  sur- 
face which  cannot  be  corroded  by  most 
waste  materials.  It  is  a bell  and  spigot  type 
of  pipe.  A joint  is  made  by  caulking  or  by 
inserting  a gasket,  and  then  filling  the  bell 
with  grout,  asphalt,  or  tar. 

Sewers,  which  must  always  be  ready  for 
use,  generally  do  not  include  valves.  As  it 
is  not  easy  to  tap  into  the  brittle  vitrified 
clay  pipe,  Y-connections  are  often  inserted, 
usually  one  for  each  lot  in  a residential 
district.  One  arm  of  the  Y is  along  the 
sewer,  while  the  other  arm  projects  out  at 
an  angle.  It  has  a plug  which  can  be  re- 
moved and  replaced  by  a drain  pipe  from 
a building.  Plugs  can  also  be  removed  for 
cleaning. 

Usually  sewers  are  laid  in  a straight  line 
from  manhole  to  manhole.  Manholes  are 
placed  at  street  corners  and  intermediate 
points,  usually  between  200'  and  300'  apart. 
They  are  made  of  brick,  vitrified  clay,  or 
concrete  pipe  and  are  about  4'  in  diameter. 
Each  manhole  has  a channel  in  the  middle 
through  which  the  sewage  flows.  If  a 


sewer  becomes  clogged,  men  can  climb  into 
the  manholes.  Standing  on  the  bottom  of 
the  manholes,  men  can  push  rods  through 
the  sewer  to  clear  out  any  obstruction.  A 
flexible  steel  wire  (called  a snake),  turned 
by  a slow  speed  electric  motor,  also  can  be 
used  to  clear  a clogged  line. 

Storm  sewers  eventually  carry  water  to 
a lake  or  river.  Sanitary  sewers  carry  waste 
into  a sewage  treatment  plant  where  the 
solids  settle  to  the  bottom  of  large  tanks 
and  are  removed.  The  water  is  purified  by 
filtering,  by  spraying  it  into  the  air,  and 
by  chemicals.  This  treated  water  (effluent) 
is  then  discharged  in  pipes  to  an  outlet  (out- 
fall) where  it  runs  into  a lake  or  a river. 
Fig.  61-8.  A modern  sewage  treatment  plant 
can  purify  water  so  that  it  is  clean  enough 
to  drink  or  to  use  in  industry.  However,  if 
the  capacity  of  a plant  is  not  large  enough 
to  handle  all  the  sewage  which  flows  to  the 
plant,  or  if  the  equipment  is  old,  the  effluent 
will  not  be  clean,  pure  water. 


Steam  Lines 

Above  ground  and  underground  piping 
systems  are  used  to  move  steam  or  hot 
water  from  a central  heating  plant  to  other 
buildings.  These  piping  systems  may  require 
many  valves  and  controls  to  maintain  the 
desired  pressures  and  volume. 

Generally,  steam  lines  are  made  of  black 
pipe.  Joints  are  usually  made  by  welding 
together  the  ends  of  two  pieces  of  pipe, 
but  sometimes  flanges  placed  at  the  ends  of 
pipe  are  bolted  together.  Fittings  are  like- 
wise welded. 

Steam  lines  must  be  insulated  to  prevent 
the  heat  in  the  water  from  being  lost,  or 
to  prevent  the  steam  from  cooling  and 
turning  to  water.  The  pipe  may  be  wrapped 
with  insulation  which  is  then  covered  to 
protect  it  underground.  Or  the  pipe  may  be 
set  in  various  insulating  materials  which 
look  like  concrete  and  are  made  of  light- 
weight aggregates.  Often  steam  lines  are 
placed  in  a concrete  tunnel  which  sometimes 
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includes  other  utility  lines  such  as  water 
and  electrical  conduit. 


Petroleum  and  Natural  Gas 

Pipelines  many  hundreds  of  miles  long 
are  built  to  transport  petroleum  from  its 


place  of  origin  to  a refinery.  Similar  pipe- 
lines carry  natural  gas  to  cities  where  it 
will  be  used.  These  pipelines  are  made  of 
black  steel  pipe  in  30'  lengths  that  are 
welded  together.  Oil  or  gas  will  not  ordi- 
narily corrode  the  inside  of  these  pipes. 
However,  the  earth  in  which  they  are  buried 
can  cause  corrosion.  Therefore,  the  outside 
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Fig.  51-8.  This  is  the  water  supply  and  sewerage  system  for  a small  community.  Notice  that  the  effluent  discharge 
line  is  at  a lower  elevation  than  is  the  community.  How  will  the  water  be  raised  from  the  river  to  the 
water  treatement  plant? 
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of  a black  steel  pipeline  is  wrapped  with 
fabric  and  painted  with  an  asphaltic  mate- 
rial, Fig,  61-9, 

The  same  pipeline  often  carries  several 
kinds  of  oil.  When  the  pipeline  operators 
have  finished  pumping  one  kind  of  oil 
through  the  lines,  a go-devil  (like  a bottle 
brush)  is  forced  through  the  pipeline  with 
a volume  of  water  behind  it.  The  go-devil 
cleans  the  inside  walls  of  the  pipeline,  and 
the  water  flushes  the  pipe.  The  operators 
then  can  deliver  another  kind  of  oil  through 
the  line. 


Records 


A great  many  pipelines  (as  well  as 
electrical  and  telephone  cables)  lie  under- 
neath the  ground  in  cities  and  in  some  rural 
areas.  Fig.  51-10.  Accurate  records  must  be 
kept  showing  not  only  the  pipelines  them- 
selves, but  all  valves,  manholes,  pumping 
stations,  and  other  features.  These  records 
are  usually  in  the  form  of  drawings  kept 


at  one  of  the  company’s  offices.  Often  the 
locations  of  pipelines  are  monumented. 
Monumented  means  that  permanent  marks 
are  placed  on  the  ground  itself.  This  proce- 
dure is  described  in  the  lesson  on  surveying 
and  mapping.  Any  architect  or  engineer 
planning  new  construction  must  check  with 
the  various  utility  companies  to  see  if  the 
new  structure  being  planned  will  bother 
pipelines  already  underground. 


Summary 

On  the  outside  of  buildings,  piping  sys- 
tems or  pipelines  bring  such  things  as 
water,  steam,  and  gas  from  a source  of 
supply  to  buildings.  Piping  systems  called 
sewerages  remove  waste  water  and  excess 
rainfall  from  buildings  and  streets. 

Most  pipelines  are  laid  underground  in 
trenches.  The  pipe  used  may  be  cast  iron. 


Fig.  51-9.  Workers  wrop  thick  insulation  oround  this 
pipeline  to  protect  it  from  corrosion. 


Fig.  51-10.  Here  o smoll  plostic  sewoge  disposal 
tine  is  being  laid. 
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concrete,  steel,  vitrified  clay,  or  plastic.  vitrified  clay  welded 

Each  kind  requires  a special  technology  for  kiln  go-devil 


its  installation. 

corrode 

monumented 

caulking 

Terms  to  Know 


exterior 

interior 

trenching 

backhoe 

backfilled 

tamped 

compressed 


manhole 

purified 

effluent 

outfall 

insulated 

petroleum 

refinery 


Think  About  It! 

1.  What  are  the  differences  between  plumb- 
ing systems  and  pipeline  systems  ? 

2.  Can  you  identify  a pipeline  system  in 
your  community  that  is  above  ground? 
Below  ground?  What  is  the  purpose  of 
each? 


— Engineers 

— Contractors 

— Craftsmen 
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— Governmental  —Clearing 

— Private  — T renching 

— Filling 

— Tamping  and 
rolling 
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— Water 

— Sewage 
Steam 


Petroleum  and 
natural  gas 
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This  lesson  is  about  how  electrical  power 
is  supplied  to  users  and  how  it  is  distributed 
within  a structure.  A system  which  brings 
the  power  from  the  generating  plant  is  called 
outside  electrical  construction.  A system 
which  carries  the  power  within  a structure 
is  inside  electrical  construction. 


Who  Designs  Electric  Power  Systems 

First,  you  should  understand  that  elec- 
tricity can  be  very  daii^rerous.  For  this  rea- 
son, everyone  concerned  with  the  design  and 
installation  of  electric  power  must  be  fully 
qualified  by  both  education  and  experience. 


Fig.  52>1.  Electrical  transformer  stations  such  as  this 
are  designed  by  a team  of  engineers. 


Usually  they  must  have  a license  which  is 
granted  only  after  passing  a test. 

Electrical  work  is  designed  by  an  electrical 
engineer.  He  often  works  with  a civil  engi- 
neer when  major  structures,  such  as  power- 
houses or  towers,  are  involved.  Fig  52-1.  The 
electrical  engineer  works  with  mechanical 
engineers  in  designing  steam-generating 
plants  and  with  nuclear  engineers  in  design- 
ing atomic  power  plants.  Each  of  the  engi- 
neers must  either  be  a registered  profes- 
sional engineer  or  must  work  under  the  close 
supervision  of  one.  To  be  registered,  an  engi- 
neer must  show  to  a state  examining  board 
that  his  education  .and  experience  qualify 
him  for  his  profession. 

Ownership 

Usually  an  electric  utility  company  owns 
the  power  plant  and  all  the  outdoor  distri- 
bution system,  up  to  the  place  where  the  elec- 
tricity enters  a structure.  The  electric  utility 
company  usually  owns  the  meter  which 
shows  how  much  electricity  each  customer 
uses.  The  owner  of  a building  owns  the  elec- 
trical system  within  the  structure,  except 
for  the  meter. 

Construction  Personnel 

The  electric  utility  company  usually  hires 
a general  contractor  to  build  a power  plant. 
This  general  contractor  usually  subcon- 
tracts the  electrical  construction  inside  the 
power  plant  to  an  electrical  subcontractor. 

An  outdoor  distribution  system,  between 
the  power  plant  and  the  building,  may  be 
constructed  either  by  employees  of  the  elec- 
tric utility  company  or  by  an  electrical  con- 
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tractor  hired  by  the  utilitj'  company.  Some 
electrical  contractors  specialize  in  outdoor 
or  line  work.  Many  electric  utility  companies 
contract  for  major  construction  jobs  but  do 
the  smaller  ones  (and  all  maintenance)  with 
their  own  employees. 

The  owner  of  a proposed  structure  usually 
hires  a general  contractor  for  its  construc- 
tion. This  general  contractor  may  do  the  in- 
side electrical  work  with  his  own  employees. 
More  often,  however,  the  general  contractor 
hires  an  electrical  subcontractor  to  do  the  in- 
side or  wire  work.  In  most  regions  all  con- 
tractors who  do  electrical  work  must  be 
licensed  by  a state,  county,  or  city  before 
they  are  permitted  to  work.  This  license  is 
given  only  after  the  contractor  passes  an 
examination.  Also,  most  owners  or  general 
contractors,  when  they  hire  electrical  con- 
tractors or  subcontractors,  check  on  the 
qualifications  of  the  electrical  firm  which  is 
to  do  the  work. 

The  craftsmen  who  do  electrical  work  are 
called  electricians.  There  are  two  groups  of 
electricians.  Linemen  do  outside  construc- 
tion, and  wiremen  work  inside.  Figs.  62-2  and 
62-3.  Electric.al  work  can  be  very  dangerous. 
Even  100  volts  can  kill  a man.  But  some  elec- 
tricians must  work  with  voltage  of  1,000,000 
volts  or  more.  Thus,  the  electrical  worker 
must  be  very  well  trained.  His  technical 
knowledge  and  practical  ability  are  carefully 


Fig.  52-Z  Electricans  who  install  electrical  wiring 

outside  a structure  ore  known  os  linemen. 


tested  before  he  is  given  a license  by  state, 
county,  or  city  authority.  Most  building  codes 
provide  that  electrical  work  may  be  done 
only  by  a licensed  electrician. 


Outside  Construction 

Electric  current,  measured  in  amperes, 
flows  great  distances  to  reach  its  consumers. 
Voltage  is  a measure  of  the  force  which 
causes  the  current  to  flow.  Electricity  is 
usually  generated  at  moderate  voltages  (for 
example,  13,000  volts).  But  the  cheapest 
way  to  send  electric  power  is  at  a high  volt- 
age. Thus,  besides  a generating  plant,  there 
is  usually  a switchyard  equipped  with  trans- 
formers to  increase  or  decrease  voltage.  The 
switchyard  transformers  usually  increase 
(step  up)  the  voltage  to  138,000  volts.  Some- 
times it  is  increased  to  1,000,000  volts. 

Power  lines,  called  transmission  lines,  run 
from  the  switchyard  transformers  to  cities 
or  industrial  areas  where  the  power  will  be 
used.  These  lines  are  built  across  great  dis- 
tances, sometimes  across  several  states.  Fig. 
62-4.  Transmission  lines  are  a series  of  wires 
made  of  a metal  which  readily  carries  or 
conducts  electricity.  They  are  supported  by 
insulators  (devices  made  of  a material 
through  which  electricity  cannot  pass).  The 


Rg.  52-3.  The  electricians  who  Install  electrical 
wiring  inside  a structure  are  knawn  as 
wiremen. 
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insulators  are  fastened  to  wood,  concrete,  or 
metal  poles  or  towers,  spaced  along  the  line. 

Transmission  lines  are  built  by  teams  of 
skilled  workers  according  to  plans  and  spec- 
ifications set  up  by  engineers.  First  the  right- 
of-way  is  purchased  from  the  various  land- 
owners.  Usually  this  is  merely  an  easement 
(right  to  install  and  service  the  power  line), 
as  described  in  Reading  7. 

Then  the  route  for  the  transmission  lines 
is  cleared.  This  means  that  all  trees  and 
other  obstructions  must  be  cleared  from  the 
path  the  lines  are  to  follow  across  the  coun- 
try. Usually  this  path  is  as  straight  as  pos- 
sible. Specialized  tools  and  equipment  are 
used  to  dig  footing  trenches  for  towers  or 
holes  for  poles.  After  the  footings  are  placed 
and  the  towers  or  poles  are  set,  special  an- 
chors and  guys  may  be  used  to  hold  the 
towers  and  poles  firmly  in  place.  In  moun- 
tainous country,  helicopters  are  sometimes 
used  to  put  sections  of  towers  into  place. 

Electricity  at  very  high  voltages  is  ex- 
tremely dangerous  and  hard  to  handle.  Thus, 
at  various  points  along  the  transmission  sys- 
tem where  the  power  is  to  be  used  (for 
instance,  a city),  substations  are  built.  Fig. 
62-5.  Substations  use  transformers  to  lower 
the  voltage  to  13,000  volts.  There  are  also 
(1)  switches  or  disconnects  so  that  the  cur- 
rent may  be  cut  off  as  desired  and  (2)  cir- 


Fig. 52-4.  These  linemen  ore  using  "hotsticks"  to 
work  on  on  energized  (hot)  transmission 
line. 


cuit  breakers  which  automatically  cut  off  the 
flow  of  electric  current  when  it  becomes  too 
heavy  in  the  substation.  Fig  52-6. 

Distribution  lines  from  substations  gener- 
ally are  strung  on  poles,  but  sometimes  they 
are  placed  underground.  They  carry  the  elec- 
trical energy  throughout  cities,  industrial 
areas,  suburbs,  and  rural  areas. 

There  are  two  (sometimes  more)  voltages 
in  a distribution  system : 

1.  The  primary  voltage  of  13,000  volts. 

2.  The  secondary  voltage  of  120  or  240 
volts. 

The  primary  system  carries  the  power  to  the 
vicinity  of  the  owner’s  property.  The  pri- 
mary voltage  is  much  too  high  to  be  safe  or 
suitable  for  most  uses.  It  must  be  trans- 
formed (changed).  The  transformer  is  lo- 
cated on  an  overhead  pole,  or  in  a vault 
where  underground  cable  is  used.  It  reduces 
the  primary  voltage  to  120  or  240  volts  for 
most  residential  and  commercial  uses. 

In  industrial  plants,  large  machines  or 
other  heavy  electrical  equipment,  such  as  an 
oven  for  drying  paint,  may  need  440  volts 
and  higher  to  operate  properly.  From  the 
transformer,  a set  of  three  wires  (called  a 
drop)  is  connected  to  a meter  in  the  building. 
This  completes  the  outside  construction. 


Fig.  52-5.  The  electric  substotion  is  often  called  the 
"crossroads  of  power."  Both  switching  and 
reducing  of  voltage  are  done  here. 
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Inside  Construction 

In  the  building,  the  inside  wiremen  con- 
nect a cable  or  large  pipe  with  wires  in  it  to 
the  meter  The  meter  measures  the  amount 
of  electric  current  the  customer  uses.  This 
part  of  the  project  is  called  the  service  en- 
trance. The  meter  is  connected  with  wire  to 
the  distribution  panel.  This  panel  contains 
fuses  or  circuit  breakers  which  protect  the 
electrical  equipment  and  the  building  from 
electrical  damage.  .Fuses  and  circuit  breakers 
automatically  break  or  open  a circuit  if  an 
electrical  overload  occurs.  A heavy  current 
overload  can  overheat  a line  and  damage 
equipment  or  start  a fire. 

From  the  panel,  branch  circuits  are  in- 
stalled according  to  any  one  of  several  wiring 
methods.  In  a home  the  two  common  kinds 
of  wiring  are  (1)  nonmetallic-sheathed  cable 
and  (2)  armored  cable,  both  of  which  are 
flexible,  Fig.  62-7.  The  armor  which  encloses 
armored  cable  is  flexible  steel.  The  two  wires 
in  the  cable  are  separately  insulated  and 
then  bound  together  with  additional  insula- 


tion. This  kind  of  cable  is  sometimes  called 
BX.  The  other  common  type  of  cable,  which 
is  not  armored,  is  protected  by  a heavy,  non- 
metallic  sheath. 


Fig.  52-7.  Electricians  learn  to  install  many  types  and 
sizes  of  wire. 
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Fig.  52-6.  This  substation  is  part  of  the  distribution 
system  of  an  electric  utility  company. 
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Flexible  cables  can  be  bent  or  shaped 
easily  by  hand  to  fit  inside  the  walls,  ceilings, 
and  floors  of  the  average  home.  If  these 
cables  are  properly  connected  to  junction 
boxes,  switch  boxes,  and  other  outlets,  the 
distribution  panel  can  supply  electrical 
energy  to  any  point  where  it  may  be  needed 
inside  or  outside  the  home.  Branch  circuits 
may  serve  special  purpose  outlets  for  ranges, 
dryers,  air  conditioners,  motors,  and  other 
electrical  appliances. 

In  commercial  buildings  and  industrial 
plants,  electrical  wires  are  usually  protected 
from  damage  by  being  enclosed  in  conduit 
(thin-walled  tubing  of  galvanized  steel  or 
aluminum),  Fig.  52-8.  In  buildings  which 
rest  on  slabs,  this  conduit  is  installed  before 
the  concrete  for  the  slab  is  placed.  In  build- 
ings that  have  the  walls  finished,  the  con- 
duit runs  inside  the  walls,  the  ceiling,  and 
the  floor.  Both  rigid  and  flexible  conduit  are 
used.  To  get  the  wire  into  the  conduits,  a 
thin  flexible  strip  of  metal,  called  a fish  tape, 
is  either  installed  in  the  conduit  as  it  is  put 
together  or  pushed  through  after  the  con- 
duit is  assembled.  Then  the  electrical  wires 
are  attached  to  the  end  of  the  fish  tape  and 


Fig.  52-8.  In  commercial  consfrocfion,  wiring  often 
is  run  through  pipes  called  conduit. 


Fig.  52-9.  Both  linemen  and  wiremen  carry,  on  a 

special  belt  (tool  pocket),  the  tools  they 
use  often. 
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pulled  through  the  conduit.  After  this,  the 
wires  are  connected  to  electrical  outlets,  ap- 
pliances, motors,  and  lighting  fixtures. 

The  location  of  electric  wiring  must  be 
planned  so  as  not  to  interfere  with  sheet 
metal  ductwork,  plumbing  systems,  or  other 
utilities. 


Summary 

Electricity  is  generated  in  a power  plant. 
From  there,  outside  electrical  construction 
distributes  it  to  various  buildings  and  other 
structures  through  overhead  wires  or  under- 
ground cables.  Within  a building  or  struc- 
ture inside  wiring  take^  the  electric  current 
to  fixtures,  appliances,  equipment,  and  out- 
lets as  needed. 

Electrical  work  can  be  very  dangerous.  It 
must  be  carefully  planned  and  completed  by 
skilled  personnel. 


Terms  to  Know 

distributed 

generating  plant 

voltage 

current 

amperage 

amperes 

circuits 

generators 

transformers 

qualify 

line  work 

linemen 

wire  work 


wiremen 
qualifications 
electricians 
substation 
consumers 
transmission  lines 
conduct  electricity 
primary  voltage 
secondary  voltage 
electrical  overload 
meter 
flexible 

inside  construction 
outside  construction 


Think  About  It! 

1.  What  is  the  source  of  the  electrical  power 
used  in  your  home?  Can  you  trace  the 
outside  electrical  construction',  power 
plant,  transformers,  distribution  lines, 
and  drop  line? 


2.  Can  you  locate  the  three  main  elements 
of  inside  electrical  construction  in  your 
home:  entrance,  distribution  panel,  and 
branch  circuits? 


Installing  Electrical 
Power  Systems 


Engineers 

Contractors 

Craftsmen 

Linemen 
Wiremen 


t 


Power  plant 


■ Transformers 


Entrance 


Branch  circuits 
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The  last  reading  described  how  electrical 
power  systems  are  installed.  This  reading 
describes  installation  of  electrical  communi- 
cations systems:  telephone,  telegraph,  radio, 
television,  and  navigational  systems. 

The  electrical  work  performed  in  install- 
ing communications  systems  is  somewhat 
the  same  as  that  in  installing  electric  power. 
There  are  important  differences  in  the  sys- 
tenij  and  in  the  equipment  involved.  The 
voltages  and  current  (amperage)  for  com- 
munications are  usually  much  smaller,  al- 
though not  always.  Generally,  communica- 
tions installations  and  equipment  are  harder 
to  understand  than  those  for  power.  Also, 
the  electrical  energy  is  often  converted  into 
radio  waves  which  can  transmit  a message 
through  space  without  wires.  These  waves 
are  received  elsewhere,  amplified  (in- 
creased), and  changed  back  into  electric  cur- 
rent. Radio  transmitters  and  receivers  are 
parts  of  many  communications  systems.  Fig. 
53-1. 


Who  Installs  Electrical 
Communications 

Electrical  communications  systems  are 
designed  by  electrical  engineers  who  spe- 
cialize in  communications  and  electronics, 
rather  than  in  power.  These  engineers  may 
work  for  the  operator  of  the  communica- 
tions system;  for  example,  a telephone 
company,  telegraph  company,  or  television 
station.  Sometimes  they  work  for  the  manu- 
facturer of  the  equipment  and  sometimes 
for  an  electrical  engineering  firm  which  spe- 
cializes in  the  design  of  communications 
systems. 


Installing 

Electrical 

Communications 

Systems 

The  communications  company  may  do  all 
of  its  construction  with  its  own  labor  force. 
It  may  contract  for  the  work,  either  with  an 
electrical  contractor  specializing  in  com- 
munications or  with  a general  contractor 
who  usually  does  work  related  to  communi- 
cations. Sometimes  there  is  a combination 
of  the  two.  A television  station  may  hire  a 
general  contractor  to  erect  a transmitting 
tower,  but  employees  of  the  station  will  in- 
stall the  antennas  and  all  of  the  wiring  and 
equipment.  Sometimes  equipment  manufac- 
turers do  the  installation. 


Fig.  53-1.  This  microwave  "dish"  is  part  of  Western 
Union’s  tronscontinentol  communications 
system. 
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Fig.  63-2.  Engineers  design  communications  systems 
and  here  are  inspecting  a buried  cable 
project. 


Fig.  63-3.  An  installer  connects  your  telephone  to  a 
drop  line. 


Craftsmen  employed  are  of  many  types. 
There  are  operating  engineers  who  operate 
the  construction  equipment  needed  to  dig 
trenches  for  communication  lines,  Fig.  63- 
2.  There  are  telephone  linemen  who  work  on 
outside  and  inside  lines.  Installers  hook  up 
equipment,  Fig.  63-3.  Electricians  handle 
the  power  supply.  There  are  also  many 
technicians  who  build,  install,  operate,  and 
maintain  complicated  equipment.  Fig.  63-4. 


Installing  Telephone  Systems 

When  a person  talks  into  a telephone 
transmitter,  the  sound  of  his  voice  modu- 
lates (shapes)  an  electric  current.  The  cur- 
rent changes  from  moment  to  moment  in  a 
way  that  exactly  matches  the  sounds  of 
speech.  A telephone  communications  system 
can  be  constructed  so  that  modulated  elec- 
tric currents  carry  their  messages  great  dis- 


Fig.  53-4.  Although  you  seldom  see  them  on  television 
programs,  craftsmen  and  technicians 
construct  and  operate  the  systems  that 
produce  the  program. 
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tances.  A telephone  receiver  “undoes”  the 
work  of  a telephone  transmitter.  The  re- 
ceiver changes  the  modulated  current  back 
into  sound  waves. 

When  telephone  service  is  requested,  a 
telephone  installer  runs  a wire  from  the 
telephone  pole  to  the  building.  This  wire  is 
called  a drop  wirCt  Fig.  53-5.  In  it  are  a 
number  of  pairs  of  wires  all  bound  together 
in  a single  cable.  At  the  building,  the  drop 
wire  is  firmly  attached  to  a solid  part  of  the 
structure  to  provide  a service  entrance. 
From  the  service  entrance,  the  wires  are 
run  through  the  building  to  connector  boxes 
of  jacks  for  each  telephone.  Each  telephone 
is  served  by  two  pairs  of  wires  which  are 
connected  to  a jack. 

The  drop  wire  is  connected  to  a cable, 
which  may  lead  to  a larger  cable.  The  cable 
ends  at  a telephone  exchange.  To  serve  a 
customer  far  away,  it  may  be  necessary  to 
string  a single  set  of  wires  along  poles  for 
some  distance  before  they  join  a cable. 


Fig.  53-5.  Sometimes  o drop  wire  is  buried 

underground  to  Improve  the  appearance 
of  the  property  and  to  safeguard  the 
installation. 


Cables  consist  of  a large  number  of  pairs 
of  wires  and  are  named  by  the  number  of 
pairs  they  hold.  For  instance,  a 250~pair 
cable  has  250  pairs  of  wires  in  it.  No  matter 
how  many  pairs  of  wires  are  bound  to- 
gether, they  are  insulated  so  that  messages 
do  not  “mix”  or  spread  from  wire  to  wire. 
However,  there  are  methods  by  which  one 
set  of  wires  can  carry  more  than  one  tele- 
phone conversation  and,  therefore,  can  serve 
more  than  one  telephone. 

When  a large  building  is  to  be  built,  the 
telephone  installation  is  carefully  designed 
in  advance  by  telephone  engineers.  The  in- 
stallation of  telephone  outlets  and  wires 
(often  in  conduits)  goes  along  with  the  in- 
stallation of  other  utilities.  Usually  the  lines 
from  each  telephone  lead  to  a central  termi- 
nal s^trip  in  a cabinet.  After  passing  through 
rela3'3,  they  are  formed  into  a cable  which 
goes  to  the  telephone  exchange.  Fig.  63-6. 
In  some  cases,  telephone  linemen  hang  the 
cable  from  telephone  poles  or  from  electric 
power  poles.  In  other  cases  telephone  cables 
are  buried  underground,  sometimes  passing 
through  conduits. 


Fig.  53-6.  The  switching  equipment  within  a 

telephone  exchange  building  requires 
maintenance,  following  installation. 
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The  building  which  houses  a telephone 
exchange  is  constructed  in  much  the  same 
way  as  other  buildings.  However,  inside  this 
building  many  highly  skilled  construction 
communications  workers  put  in  huge  metal 
racks  and  trays  on  which  they  install  thou- 
sands of  miles  of  electrical  conductors  or 
cables.  Many  of  these  cables  contain  hun- 
dreds of  individual  pairs  of  wires.  There 
are  hundreds,  sometimes  even  thousands,  of 
such  cables  in  even  the  small  telephone  ex- 
changes. These,  in  turn,  are  connected  to 
many  switches,  relays,  and  electronically 
controlled  devices  which  also  are  mounted 
on  huge  racks. 

After  this  equipment  goes  into  operation, 
it  must  be  maintained  and  repaired.  Some- 
times the  original  equipment  must  be 
altered.  Telephone  company  employees  who 
do  parts  of  this  work  include  plant  electri- 
cians, central  office  equipment  installers, 
central  maintenance  men,  and  troubleshoot- 
ers. These  men  are  trained  in  the  use  of 
specialized  tools,  such  as  measuring  instru- 
ments and  gauges  which  are  very  delicate 
and  sensitive.  To  describe  the  many  tools 
they  use  would  fill  a book  as  large  as  this 
one. 

Central  offices  can  be  connected  with  each 
other  by  overhead  lines,  by  underground 
cables,  by  radio  microwave  transmission, 
and  by  combinations  of  these  methods.  Orig- 
inally, telephone  exchanges  in  different  cities 
communicated  through  overhead  lines  on 
telephone  or  telegraph  poles  beside  railroad 
tracks.  Although  many  of  those  lines  are 
still  in  use,  in  recent  years  underground 
cables  have  been  laid  in  trenches  in  much 
the  same  way  that  electric  power  lines  are 
placed  in  the  ground.  Overseas  telephone 
communications  (those  which  cross  an 
ocean)  have  used  underwater  cables,  en- 
closed in  a heavy  lead  armor,  and  space 
satellites. 

Still  more  recently,  radio  broadcasting 
and  receiving  equipment  has  been  installed 
in  many  regions  to  connect  central  offices. 
The  modulated  current  in  telephone  wires  is 
changed  into  radio  waves  of  very  short 


wavelength,  called  microwaves.  Microwave 
towers  are  erected  about  30  to  60  miles 
apart,  because  the  radio  waves  cannot  bend 
to  follow  the  earth's  curving  surface.  Each 
tower  receives  the  radio  signal  and  sends 
it  to  the  next  tower  or  telephone  exchange, 
Fig.  63-7.  Finally  the  microwave  message 
is  changed  back  into  a modulated  electric 
current  and  then  into  sound  waves. 

The  industrj*  has  tested  many  other  ideas. 
Radio  waves  of  long  wavelength  (which  are 
subject  to  interruption)  have  been  tried. 
Communications  satellites,  orbiting  several 
hundred  miles  in  space,  are  one  of  the  new- 
est devices  in  the  industry.  They  function  as 
microwave  relay  stations  for  some  long- 
distance telephone  communications.  Fig.  63- 
8. 

In  your  lifetime  you  will  see  many  new 
developments  in  telephone  service.  Soon  you 
will  be  able  to  dial  almost  any  telephone  in 


Fig.  53-7.  Microwaves  have  o range  of  only  30  to  50 
miles  because  they  cannot  bend  around 
the  earth’s  surface.  These  men  are  installing 
a microwave  horn.  It  will  gather  microwaves 
that  are  being  transmitted  toward  if. 
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the  world.  A touchstone  dial  phone  is  al* 
ready  coming  into  use.  For  dialing,  it  has 
buttons  like  the  keys  on  an  adding  machine. 
And  telephones  with  a small  television 
screen  so  that  you  can  see  the  person  to 
whom  you  are  talking  are  now  available  in 
some  areas,  Fig.  53*9.  Laser  and  maser  sys- 
tems may  replace  many  existing  wire  lines 
in  the  more  distant  future. 


Installing  Telegraph  Systems 

A telegram  is  a message  typed  onto  a spe- 
cial keyboard,  sent  by  electric  current 
through  a wire  for  some  distance,  and  auto- 
matically retyped  by  a special  typewriter. 
Telegraph  companies  operate  the  special 
equipment  which  sends  and  receives  mes- 
sages. Most  telegraph  companies  make  use 
of  existing  telephone  lines  within  the  United 
States  to  link  their  transmitting  and  re- 
ceiving equipment.  (The  telegraph  com- 
panies still  operate  some  undersea  cables.) 


Fig.  53-8.  Communications  soiellifes  are  extending  the 
range  of  communications  systems. 


Telegraph  systems  are  designed,  engi- 
neered, and  installed  in  much  the  same  way 
as  are  telephone  systems.  As  mentioned 
above,  they  even  use  some  of  the  same  cross- 
country lines. 

Telegraph  sending  and  receiving  equip- 
ment operates  differently  than  does  tele- 
phone equipment  When  a message  is  typed 
onto  a telegraph  keyboard,  transmitting 
equipment  changes  each  letter  into  a code 
or  modulation  on  an  electric  current.  The 
receiving  equipment  "reads”  each  bit  of 
coded  information  and  changes  it  back  into 
the  correct  letter  typed  on  paper.  Sound 
waves  are  not  involved. 

By  the  process  called  facsimile  photo- 
graphs also  can  be  transmitted  across  great 
distances  and  reproduced  at  the  receiving 
point.  Fig.  53-10.  The  transmitting  equip- 
ment scans  the  photograph,  "looking”  at 
thousands  of  individual,  tiny  areas,  one  by 
one.  As  it  "sees”  light  or  datk  areas,  it 
changes  each  bit  of  information  into  code  on 
the  electric  current  Receiving  equipment 
changes  each  bit  of  information  back  into  a 


Fig.  53-9.  This  telephone  has  a small  television  screen 
that  enables  one  to  see  the  person  with 
whom  he  is  speaking. 


- -J 


329 


IvflnlUvg  EJccIricn}  C*twminiicnllnn.<  S>j.<’i  W.' 


315 


tiny  light  or  dark  area  on  paper  by  highly 
specialized  photographic  processes.  News* 
papers  are  important  customers  for  this 
kind  of  telegraph  service.  The  facsimile 
process  supplies  them  with  pictures  of  an 
important  event  occurring  thousands  of 
miles  away  within  a few  hours  after  the 
event  takes  place. 


Installing  Radio  and  Television 
S}^tenis 

A television  or  radio  studio  houses  a mass 
of  power  and  communications  lines.  Etec* 
trical  communications  workers  install  these 
lines  when  the  stu  dios  are  built  Afterwards, 
they  continue  to  move  or  change  them  ac- 
cording to  program  needs.  Mobile  unite 
(trucks  htted  with  communications  equip- 
ment) are  sometimes  used  when  a broadcast 
takes  place  outside  of  studios.  The  communi- 
cation workers  lay  temporary  lines  and  set 
up  cameras  and  microphones  at  a location, 
before  the  broadcast  Their  work  may  begin 
several  days  before  a large,  important  event 

Sound  and  pictures  are  converted  into 
modulated  electrical  currents  which  travel, 
usually  through  telephone  company  facili- 
ties, to  transmitters.  A single  transmitter 


Fig.  53-10.  This  receiving  equipment  reproduces  the 
facsimile  phofogroph. 


may  be  involved  if  the  program  is  broad- 
cast over  just  one  station.  Several  hundred 
radio  or  television  stations  may  pick  up  a 
program  carried  by  a net^vork  such  as  NBC, 
CBS,  or  ABC,  and  each  station  wdtl  have 
its  ow*n  transmitter.  Figs.  53-11  and  53-12. 


Rg.  53-11.  At  the  television  station’s  control  room, 
engineers  monitor  various  transmissions 
and  select  the  one  which  is  sent  to  the 
transmitter  to  be  broodcost. 


Fig.  53-lZ  Neorly  everywhere  you  look,  you  con  see 
various  communications  systems. 


Fig.  53-13.  The  radar  navigational  system  permits 
the  pilot  to  "see”  through  clouds, 
darknoss,  or>d  over  long  distances. 

A.  The  radar  signal  leaves  the  airplane's 
antenna  at  a radi^d  speed  of  1000^ 
per  microsecond. 

B.  In  one  microsecond,  the  beam  has 
traveled  1000'. 

C.  In  two  microseconds,  the  beam  hos 
traveled  2000'. 

D.  In  5.375  microseconds,  the  beam  has 
traveled  one  mile. 


10.75  MICRO-  _ 
i SECONDS  AFTER 
1 START  OF  PULSE 


E.  After  the  beam  has  reached  the  object, 
it  begins  to  return,  in  the  form  of  on 
echo,  to  the  airplane's  antenna. 

F.  Seven  microseconds  have  passed  since 
the  beam  was  transmitted. 

G.  The  plane's  antenna  receives  the  beam 
and  the  travel  time  of  the  beam  is 
recorded  lin  this  example  it  is  10.75 
microsecondsl.  To  determine  the 
distance  of  the  object  from  the  plane, 
the  travel  time  is  divided  by  two. 
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At  the  transmitter,  the  electric  currents 
are  changed  to  radio  waves  which  are  broad* 
cast  from  antennas  on  top  of  very  high 
towers.  These  towers  are  sometimes  as  high 
as  1,500'  and  are  the  tallest  man-made 
structures.  The  towers  are  constructed  by 
ironworkers.  Communications  workers  in- 
stall the  antennas  and  the  necessary  wiring. 


Installing  Navigational  Systems 

'There  are  two  types  of  constructed  com- 
munications systems  for  aircraft  and  ships 
which  permit  them  to  navigate  safely  in 
almost  all  kinds  of  weather.  One  type  sends 
a radio  signal  from  a land-based  station  to 
instruments  which  tell  each  pilot  or  captain 
his  exact  location,  Fig.  63-13.  A second  type 
is  a radar  system  which  also  sends  an  elec- 
tronic signal  from  a transmitter,  Fig.  53- 
14.  This  signal  is  reflected  back  to  a 'TV 
picture  tube-like  scope  which  shows  where 
the  aircraft  or  ship  is  located.  Radar  sets 


kind  of  rodor  screen  indicates  position 
of  the  reflecting  object. 


are  used  by  controllers  at  busy  poi'ts  to  con- 
trol the  movements  of  traffic. 

Large  numbers  of  electrical  workers  with 
many  job  titles  and  classifications  work  to 
install  and  service  navigational  systems. 
These  systems  provide  control  of  traffic  in 
shipping  lanes  (sea  lanes)  across  our  lakes 
and  oceans  and  in  skyways  (air  lanes)  in 
our  skies,  Fig.  53-15. 


Private  Communication  Systems 

In  addition  to  the  large  public  communi- 
cations systems,  many  closed  or  private 
systems  are  installed  as  a part  of  con- 
structed works.  These  range  from  built-in 
home  communications  systems  to  large  in- 
dustrial systems  of  closed-circuit  television, 
radio,  and  telephone.  These  private  systems 


Fig.  53-15.  NovigoKonal  and  control  systems  for 
ships  and  aircraft  have  made  travel 
reliable  end  safe. 
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are  used  to  monitor  (watch  over)  traffic 
flow  of  men  and  materials,  Fig.  63-16.  They 
also  are  used  to  enable  people  to  communi- 
cate with  other  people  or  groups.  Police, 
businesses,  and  hospitals  already  are  mak- 
ing increasing  use  of  private  communica- 
tions systems  to  make  their  work  more  effi- 
cient The  design  of  a structure  must  make 
provision  for  these  private  communications 
systems,  along  with  other  utilities.  lastal- 
lation  follows  the  same  pattern  as  for  other 
communications  systems. 


Communications  in  Space 

Special  electronic  equipment  enables  us  to 
talk  with  spacemen  in  satellites  and  to  con- 
trol unmanned  satellites  from  the  ground. 
There  are  also  major  structures,  such  as  the 
station  at  Arecibo,  Puerto  Rico,  which  can 
bounce  radio  waves  off  stars  at  almost  limit- 
less distances  from  earth.  See  Fig.  63-17. 


Fig,  53-16,  Private  or  closed  communications  systems 
ore  growing  in  popularit/  in  office, 
factory,  and  home. 


Summary 

This  reading  has  described  the  practices 
of  installing  electrical  communications  sys- 
tems such  as  telephone,  telegraph,  radio, 
television,  and  navigational  .systems.  Gen- 
erally, communications  installations  and 
equipment  are  more  complicated  than  those 
for  power. 

Transmitting  and  receiving  devices  must 
be  installed.  Connecting  facilities  involving 
wire,  cables,  and  antennas  must  be  con- 
structed. To  design  and  install  such  systems, 
many  engineers,  technicians,  and  skilled 
craftsmen  are  required. 

Without  such  communications  .systems, 
man  would  be  very  limited  in  his  ability  to 
communicate  quickly  over  long  distances.  A 
fast-changing  technology  is  improving  the 
communications  process  almost  daily. 


Fig,  53-17.  This  large  antenna  will  enable  scientists  to 
communicote  with  satellites  and  astronauts. 
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Designers 

Engineers 

Contractors 

Craftsmen 


•Audio 

•Audio-visual 


I 


•Coded  messages 
‘Coded  pictures 


-Audio 

-Visual 


Terms  to  Know 


Think  About  It  I 


communications 

system 

radio  transmitter 
radio  receiver 
transcontinental 
modulates 
drop  wire 
service  entrance 
jack 

maintenance 


microwaves 
communications 
satellites 
telegram 
facsimile 
mobile  unit 
navigate 
sea  lanes 
air  lanes 
monitor 


1.  What  communications  systems  do  you 
have  in  your  home?  Do  you  have  both 
transmitting  and  receiving  devices? 

2.  How  far  away  from  your  home  is  the 
nearest  television  station?  Is  the  trans> 
mitter  located  at  the  station  or  is  it  else- 
where? Ask  your  parents  if  you  do  not 
know. 


Inspecting  is  part  of  the  management 
function  of  controlling.  Controlling  includes 
directing,  monitoring  (inspecting) , reporting 
and  correcting.  CJonstniction  work  is  directed 
by  people  with  authority.  Inspecting,  along 
with  the  reporting  of  the  results  of  the  in- 
spection, is  done  to  make  sure  that  the  con- 
struction work  meets  minimum  requirements. 
As  a result  of  the  inspection  report,  the  work 
is  accepted  or  corrections  are  required  to  be 
made.  When  corrections  are  finished  the  work 
is  inspected  again.  Then  a final  inspection 
report  is  made  to  the  authority  which  asked 
that  the  inspection  be  made. 

Inspections  are  made  on  construction  work 
from  the  time  the  drawings  are  begun  in  Ae 
architect’s  or  engineer’s  office  until  the  job 
is  finished.  A dictionary  definition  of  inspect 
is  “to  look  at  carefully”  or  “to  examine 


Fig.  54-1.  Inspections  ore  sometimes  mode  by  people 
who  do  not  work  for  the  contractor. 
These  stole  inspectors  ore  checking  the 
smoothness  of  a newly  built  highway. 


Making 

Inspections 


officially.”  Usually  the  person  who  does  this 
"official  looking”  is  called  an  inspector.  In- 
spection may  be  a person’s  full-time  job,  or 
it  may  be  only  one  of  his  duties.  People  other 
than  the  inspector  also  may  inspect  (moni- 
tor) and  report  corrections  which  are 
needed. 


Who  Makes  the  Inspections 


This  reading  will  describe  three  types  of 
inspections:  (1)  those  made  during  the  de- 
sign stage,  (2)  those  made  by  the  contrac- 
tor’s (or  subcontractor’s)  employees,  and  (3) 
those  made  by  people  who  do  not  work  for 
the  contractor.  Fig  54-1. 

During  all  steps  of  the  development  of  the 
plans  and  specifications  by  the  architect  or 
engineer,  the  designer  and  his  supervisors 
carefully  review  their  work.  In  the  case  of 
private  work,  these  plans  must  be  given  to 


Fig.  54-2.  Here  inspections  ore  being  made  during 
the  design  stage. 
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state,  county,  or  city  building  departments. 
The  departments  go  over  the  plans  very  care- 
fully to  make  sure  that  the  plans  follow  the 
local  building  codes,  Fig.  64-2. 

Inspections  made  by  the  employees  of  a 
contractor  or  subcontractor  are  for  the  pur- 
pose of  quality  control',  that  is,  to  see  that 
the  job  is  being  done  in  a professional  man- 
ner. For  example,  an  ironworker  fastening 
two  pieces  of  structural  steel  will  check  to 
see  that  the  bolts  are  tight.  Fig  54-3.  A fore- 


Rg.  54-3.  Al  the  site,  men  inspect  their  work  os  they 
proceed. 


Rg.  54-4.  This  inspector  is  checking  to  see  if  plons 
and  speciHcotions  ore  being  followed. 


O 


man  will  make  sure  that  beams  are  level 
and  columns  are  plumb.  A superintendent 
will  constantly  watch  all  details  of  a job  to 
make  sure  that  his  crews  are  turning  out  a 
high  quality  product. 

Many  inspections  are  made  by  persons  not 
employed  by  the  contractor.  The  owner  may 
have  inspections  made  by  his  own  employees. 
Or  the  owner  may  hire  the  architect-engineer 
who  designed  the  structure  to  inspect  the 
work.  The  reason  that  the  owner  asks  for 
inspections  is  to  insure  that  the  work  care- 
fully follows  the  plans  and  specifications.  Fig. 
64-4.  In  other  words,  the  owmer  wants  to  be 
sure  he  is  getting  what  he  is  paying  for  under 
the  terms  of  the  contract. 

Inspections  also  are  made  by  people  from 
some  level  of  government.  These  inspections 
usually  take  place  where  health  or  safety  is 
important  Examples  of  work  which  might  be 
inspected  by  a city  building  inspector  are 
structural  supports,  wiring,  plumbing,  and 
heating.  These  are  inspected  to  see  if  they 
have  been  installed  followring  local  building 
codes  and  plans  previously  approved  by  the 
building  department 

If  money  has  been  lent  for  construction, 
the  loan  agency  or  bank  lending  the  money 
usually  will  send  out  inspectors  to  look  at 
the  work  as  it  is  being  done.  This  is  to  pro- 
tect their  interest  in  lending  the  money.  Also, 
agencies  of  the  federal  government  which 
guarantee  home  mortages  (such  as  the  Fed- 
eral Housing  Administration  and  the  Veter- 
ans' Administration)  conduct  inspections. 

Insurance  companies  may  send  their  own 
inspectors  to  a construction  site  to  see  if 
the  work  is  being  done  properly  and  safely. 
The  insurance  company  might  be  providing 
construction  insurance  for  the  contractor.  If 
an  insurance  company  is  to  provide  boiler 
insurance  after  a building  is  completed,  it 
probably  will  insist  on  inspecting  the  steam 
plant  installation. 

The  inspector  himself  must  be  completely 
familiar  with  the  activity  which  he  is  in- 
specting. Often  he  has  a trade  background  in 
this  activity.  For  instance,  an  electrical  in- 
spector may  be  a journe3mian  electrician. 

r> 
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Chief  inspectors  may  have  a background  in 
architecture  or  engineering. 

Duties  of  the  Inspector 

The  duties  of  the  inspector  usually  may 
be  divided  into  three  parts.  One  of  these 
duties  has  to  do  with  inspecting  the  materials 
used  in  the  job.  To  pass  inspection,  materials 
must  be  at  least  as  good  as  those  called  for 
by  the  specifications.  Sometimes  materials  are 
inspect^  before  they  reach  the  job,  either 
by  the  manufacturer  or  a member  of  the  in- 
spection organization.  For  example,  lumber 
is  graded  and  marked  before  being  shipped 
to  the  job  site.  It  carries  labeling  such  as 
“No.  2 Common."  The  inspector  merely  has 
to  check  the  marking  against  the  specifica- 
tions. Sometimes  the  inspecting  organization 
runs  extensive  laboratory  tests  on  materials. 
This  is  the  case  with  soils  and  concrete  ag- 
gregates. The  inspector  rejects  defective  ma- 
terials and  requires  the  contractor  to  remove 
them  from  the  job  site. 

The  second  duty  of  the  inspector  is  to  see 
if  the  correct  methods  are  being  used  in  pre- 
paring the  materials.  For  this  kind  of  in- 
spection, he  must  watch  the  men  on  the  job. 


Rg.  54-5.  To  inspect  the  concrete  used  on  this  job, 
o sample  is  token  and  checked  in  a 
laboratory. 


He  checks  (monitors)  to  see  if  the  materials 
are  prepared  right,  to  see  if  the  right  amounts 
of  materials  are  used,  and  to  see  if  the  sizes 
are  correct  according  to  the  specifications. 
Fig.  64-6.  For  example,  before  a concrete  wall 
is  placed,  an  inspector  may  check  the  rein- 
forcing steel  to  see  if  it  meets  the  require- 
ments of  the  plans  and  specifications.  These 
requirements  may  read  somewhat  as  follows: 
All  reinforcing  steel  shall  be  wire- 
brushed  or  otherwise  cleaned  to  remove 
all  loose  rust  and  scale.  . . . Vertical 
reinforcement  shall  be  No.  6 (%"  diam- 
eter) bars  spaced  on  12“  centers  . . . 

The  third  duty  of  the  inspector  is  to  make 
sure  the  quality  of  the  work  is  good.  Often 
this  can  be  done  by  watching  each  detail 
carefully  to  see  that  the  plans  and  specifica- 
tions are  being  followed.  The  inspector  may 
examine  the  job  while  it  is  in  progress.  For 
example,  usually  an  inspector  will  watch 
concrete  being  placed.  (k>rrective  action  can 
be  started  if  the  cement  and  aggregates 
should  become  separated,  if  the  concrete  is 
too  wet  or  too  dry,  or  if  the  concrete  fails  to 


Rg.  54-6.  Quality  inspection  is  carried  out  by  this 
tuboscope.  Its  IINAIOG  travels  through 
pipelines  to  electronically  inspect  and 
record  the  condition  of  the  pipe. 
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flow  around  the  reinforcing  steel  (so  that 
there  is  a good  bond  between  the  concrete 
and  the  steel).  The  inspector  may  also  ex- 
amine completed  work.  For  example,  he  may 
apply  a pressure  test  to  an  installed  water 
line  to  see  if  there  are  any  leaks,  Fig.  64-6. 


What  Needs  to  Be  Inspected 

Inspection  covers  nearly  all  materials  and 
workmanship  on  a construction  site.  Mate- 
rials include  soils,  aggregates,  cements,  as- 
phalts, brick,  tile,  lumber,  metals,  roofing 
materials,  glass,  ornamental  ironwork,  floor- 
ing and  everything  else  that  goes  into  the 
structure.  Also  included  in  an  inspection  will 
be  the  equipment,  such  as  furnaces,  air  con- 
ditioners, thermostats,  fuse  boxes,  lighting 
flxtures,  cabinetwork,  plumbing  fixtures,  and 
built-in  kitchen  appliances.  Workmanship  is 
examined  on  foundations  and  footings,  in 
steelwork,  framing,  carpentry,  exterior  sid- 
ing, interior  walls,  roofing,  plumbing,  paving, 
and  interior  finishes  such  as  painting.  All  of 
the  materials  and  equipment  and  the  way 
they  are  placed  in  the  structure  come  under 
the  inspector’s  watchful  eye.  Fig.  54-7. 


Summary 

Inspection  is  a necessary  part  of  construc- 
tion. It  is  a continuous  process  which  starts 
at  the  beginning  of  design  and  continues  until 


Fig.  54-7.  Througliouf  consfrucHon,  inspections  ore 
mode  to  moke  sure  that  the  correct 
techniques  and  procedures  ore  being  used. 
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the  contractor  completes  his  v/ork.  Employ- 
ees of  the  contractor  are  constantly  inspect- 
ing their  own  work  to  control  its  quality. 
Inspectors  of  the  owner  insure  that  the  job 
is  built  according  to  the  contract.  State, 
county,  or  city  government  inspectors  check 
the  structure  for  the  health  and  safety  of 
the  public. 

Terms  to  Know 

monitoring  insure 

inspecting  aggregates 


inspector  specifications 

quality  control 


Think  About  It! 

1.  Why  do  inspections  need  to  be  made  at 
the  construction  site?  When  are  they 
made? 

2.  How  important  are  the  local  building 
codes  to  the  inspector?  Should  he  be 
familiar  with  these  codes? 
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Mediating  and 
Arbitrating 

Earlier  this  year  you  learned  how  unions 
and  contractors  (or  employers)  negotiate 
collective  bargaining  agreements  and  how 
the  grievance  process  works.  Unions  and 
employers  settle  most  disputes  in  one  of  two 
ways.  They  negotiate  agreements  on  wages, 
hours,  working  conditions,  and  fringe  bene- 
fits, or  they  resort  to  the  grievance  proce- 
dure. When  no  agreement  can  be  reached  by 
either  method,  the  next  event  is  usually  a 
work  stoppage  (workers  leave  the  job)  or  a 
lockout  (management  stops  the  job).  Work 
stoppages  and  lockouts  are  very  unpopular 
with  unions,  employers,  and  the  general 
public.  Everyone  loses  money,  and  many 
people  may  suffer.  Fig.  65-1. 

Accordingly,  two  other  processes  to  pre- 
vent work  stoppages  and  lockouts  are  em- 


Fig.  55*1.  If  mediation  efforts  break  down,  the  result 
could  be  a work  stoppage. 


ployed:  mediation  and  arbitration.  In  both 
of  these  processes,  one  or  more  neutral 
outsiders  are  brought  into  the  dispute  to 
attempt  to  settle  it.  The  neutral  outsider 
looks  at  both  sides  of  the  issues  separating 
labor  and  management.  He  works  for 
neither  side.  Normally  he  has  no  business 
interest  in  either  the  union  or  in  the  com- 
pany. 


Difference  Between  Mediation  and 
Arbitration 

Both  mediators  and  arbitrators  bring 
labor  and  management  representatives  to- 
gether again  after  negotiations  between 
them  have  broken  down.  Both  try  to  resolve 
the  disagreement.  The  difference  is  that  the 
mediator  has  no  power  to  resolve  the  dis- 
pute. He  can  only  help  both  sides  come  to 
an  agreement.  The  arbitrator,  however,  has 
the  power  to  make  final  decisions  that  must 
be  followed  by  both  parties. 


Fig.  55-2.  Here  labor  and  management  are  discussing 
contract  terms  in  a bargaining  session. 
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Mediation  is  used  frequently  in  major 
disputes.  Neither  management  nor  labor  is 
very  anxious  to  accept  arbitration  because 
it  means  surrendering  their  own  right  to  the 
authority  of  the  arbitrator. 

Who  Mediates  i nd  Arbitrates 

Qualifications  for  mediators  and  arbitra- 
tors are  very  much  the  same:  neutrality, 
a reputation  for  fairness,  knowledge  of  the 
construction  industry,  importance  in  the  in- 
dustry or  the  community,  knowledge  of 
labor  legislation  and  practices,  and  experi- 
ence in  labor  negotiations. 

Sometimes  mediators  are  selected  by  the 
federal  government  to  mediate  a dispute. 
These  usually  come  from  the  Department  of 
Labor,  the  Federal  Mediation  and  Concilia- 
tion Service,  or  the  National  Mediation 
Board.  Sometimes  state  governors  appoint 
mediators  from  a similar  state  agency. 
Many  times  labor  and  the  employers  them- 
selves agree  on  the  appointment  of  a media- 
tor. He  may  come  from  one  of  the  agencies 
named  or  he  may  be  a person  whose  knowl- 


Fig.  55-3.  Mediators  meet  with  labor  and  management 
to  promote  discussion  and  to  suggest 
solutions  to  problems. 


edge,  wisdom,  judgment,  and  fairness  have 
the  respect  of  both  management  and  labor. 

Arbitrators  usually  are  selected  from  one 
of  the  sources  named  in  the  preceding  para- 
graph or  from  the  American  Arbitration 
Association,  a nonprofit  organization  which 
provides  arbitrators  for  labor  and  other 
types  of  disputes. 


The  Mediation  Process 

The  role  of  the  mediator  is  to  bring  labor 
and  management  together.  He  tries  to  get 
them  to  resolve  the  dispute.  He  may  make 
suggestions.  He  may  even  propose  a final 
solution.  Fig.  66-3.  But  the  mediator  has  no 
power  to  make  final  decisions  binding  on 
both  parties.  Nevertheless,  he  can  be  a great 
help  by  clarifying  or  outlining  the  disagree- 
ments, by  finding  out  just  how  much  each 
side  is  willing  to  give  in,  by  coming  up  with 
possible  new  solutions,  by  advising  both 


Fig.  55-4.  Arbifrafion  may  be  used  to  force  a 

settlement  to  keep  the  workers  on  the  job. 
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sides,  and  by  keeping  them  talking.  Some- 
times mediation  is  quite  successful,  and 
other  times  it  is  not. 


Arbitration 

Arbitration  may  be  voluntary  or  compul- 
sory. In  voluntary  arbitration,  both  sides 
agree  on  the  selection  of  an  arbitrator  and 
agree  to  accept  his  decision.  Voluntary 
arbitration  is  rarely  used  in  the  construc- 
tion industry  except  in  the  settlement  of 
grievances  and  in  jurisdictional  disputes 
which  are  mentioned  in  a special  section  be- 
low. Neither  side  likes  to  give  up  its  rights, 
even  to  an  independent  arbitrator. 

Compulsory  arbitration,  imposed  by  the 
government  in  a major  dispute,  is  even  more 
unpopular  than  voluntary  arbitration.  An 
arbitrator’s  decision  as  to  how  long  a man 
must  work,  for  what  pay,  and  under  what 
conditions  is  very  close  to  “slave  labor,” 
which  workers  have  been  trying  to  elimi- 
nate for  thousands  of  years.  Also,  manage- 
ment wants  no  one  to  decide  how  it  shall 
use  its  own  employees  and  how  much  it  shall 
pay  them.  In  general,  compulsory  arbitra- 
tion is  not  the  law  of  the  land.  Members  of 
state  and  national  legislatures  stay  away 
from  it  except  in  the  gravest  national  emer- 
gencies, few  of  which  involve  the  construc- 
tion industry.  Fig.  55-4. 


Jurisdictional  Disputes 

As  you  know,  construction  involves  mem- 
bers of  various  crafts  who  may  be  working 
on  a job  at  the  same  time.  Disputes  some- 
times come  up  between  crafts  over  which 
should  perform  a certain  task.  For  example, 
when  a steam  boiler  was  to  be  hooked  up  to 
operate  a pile  driver,  the  steam  fitters  de- 
clared that  it  was  their  job  because  it  in- 
volved the  piping  of  steam.  The  operating 
engineers  declared  that  it  was  their  job 
because  they  operate  the  boiler  and  the  pile 
driver. 


Where  more  than  one  craft  claims  that  a 
task  should  be  assigned  to  it,  the  result  is 
called  a jurisdictional  dispute.  Several  con- 
tractors’ associations,  including  the  Asso- 
ciated General  Contractors  of  America,  and 
the  construction  unions  of  the  AFL-CIO, 
have  agreed  to  arbitrate  jurisdictional  dis- 
putes. 


Matters  Referred  to  Arbitration 

The  arbitration  process  is  usually  em- 
ployed in  the  construction  industry  on  mat- 
ters other  than  wages.  It  may  be  used  as  the 
last  step  of  the  grievance  procedure.  In 
either  case,  arbitration  deals  with  two  ma- 
jor problems:  (1)  disputes  over  the  mean- 
ing of  the  collective  bargaining  agreement 
and  (2)  disputes  over  matters  which  are 
not  covered  in  the  agreement. 

Disputes  over  the  meaning  of  the  collec- 
tive bargaining  agreement  often  happen 
when  labor  and  management  do  not  agree 
on  the  meaning  of  words  or  sections  in  the 
agreement.  In  this  case,  the  job  of  the  arbi- 
trator is  to  decide  what  these  words  or 
sections  really  mean.  They  can  mean  differ- 
ent things  to  different  people.  It  is  hard  to 
see  the  meaning  of  a statement  such  as  “The 
contractor  shall  provide  for  reasonable 
safety.”  For  example,  is  “reasonable  safety” 
provided  by  an  elevated  walkway  with  a 
handrail  on  only  one  side?  The  words 
“reasonable  safety”  do  not  have  a definite 
meaning  until  they  are  applied  to  a job. 
When  a dispute  comes  up,  the  arbitrator 
must  give  an  exact  and  specific  meaning  to 
these  words.  He  must  decide  what  the 
collective  bargaining  agreement  means. 

An  example  of  a matter  not  covered,  by 
the  agreement,  would  be  the  case  of  a con- 
tractor who  is  building  a road  leading  15 
miles  from  the  town  where  most  workers 
live.  The  collective  bargaining  agreemont 
does  not  provide  for  travel  pay  to  and  from 
the  job.  The  contractor  receives  a change 
order  extending  the  road  10  miles.  The 
workmen  wish  to  be  paid,  at  the  rate  of  5 
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cents  a mile,  for  travel  from  the  city  to  their 
place  of  employment  and  return.  The  com- 
pany’s position  is  that  the  original  agree- 
ment included  no  mileage  pay.  The  arbitra- 
tor’s job  here  is  to  decide  if  the  workers  are 
entitled  to  additional  money  for  their  travel 
and,  if  so,  whether  five  cents  a mile  is  the 
proper  rate.  The  arbitrator  must  find  a way 
of  deciding  what  is  fair  for  both  parties. 


The  Arbitration  Process 

After  the  arbitrator  is  selected,  both 
labor  and  management  furnish  him  with 
written  statements  of  their  separate  posi- 
tions in  the  dispute.  Each  statement  includes 


a list  of  the  issues  or  disagreements  and 
offers  evidence  and  argument  in  favor  of 
one  side.  The  arbitrator  studies  the  two 
written  statements  carefully.  He  then  holds 
a meeting  or  “hearing”  which  representa- 
tives of  both  sides  attend.  He  asks  questions 
and  discusses  the  case,  Fig.  55-5. 

After  the  hearing,  the  arbitrator  makes 
his  decision  and  writes  it  out  in  the  form  of 
an  arbitration  award.  The  award  follows 
certain  rules.  First,  nothing  should  be  said 
about  issues  not  at  stake.  Next,  all  issues 
under  question  must  be  in  the  award.  Then, 
the  award  must  be  enforceable.  (There  must 
be  some  way  to  make  sure  that  the  decisions 
,are  followed.)  Facts,  figures,  and  dates 
named  in  the  award  should  be  correct. 
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Finally,  the  arbitration  award  must  not  go 
against  any  provisions  of  the  basic  collec- 
tive bargaining  agreement. 

Summary 

Arbitration  or  mediation  is  used  when  the 
parties  involved  in  a dispute  cannot  settle 
it  by  themselves.  An  arbitrator  has  the 
power  to  make  final  decisions  that  both 
parties  must  follow.  A mediator  may  make 
suggestions,  but  his  decisions  are  not  bind- 
ing on  either  party. 

Arbitrators  and  mediators  should  always 
be  neutral  outsiders  who  have  the  confidence 
of  both  sides  in  a dispute.  Arbitration  is 
rarely  used  in  construction,  except  in  griev- 
ances and  jurisdictional  disputes. 


Terms  to  Know 


mediation 

arbitration 

grievance 

work  stoppage 

lockout 

neutral 

dispute 


resolve 

voluntary  arbitration 
compulsory  arbitration 
jurisdictional  disputes 
hearing 

collective  bargaining 
arbitration  award 


Think  About  It! 

1.  What  is  the  difference  between  mediating 
and  arbitrating? 

2.  Why  is  the  process  of  arbitration  rarely 
used  in  the  construction  industry? 
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Fia.  55-5.  A local  union  member  expresses  his  opinion  at  a meeting  where  an  agreement  is  being  discussed. 


Enclosing  Framed 
Superstructures 


Some  kinds  of  structures  are  usually  left 
uncovered.  Bridges,  roads,  dams,  and  the 
towers  used  for  utilities  are  examples.  Most 
buildings,  and  some  towers,  are  wholly  or 
partly  enclosed.  You  have  studied  a number 
of  production  practices  which  apply  equally 
to  open  and  enclosed  structures.  This  read- 
ing concerns  only  enclosed  structures.  It 
refers  chiefly  to  buildings  which  have  a 
framed  or  skeleton  type  of  superstructure. 
However,  many  of  the  practices  described 
here  will  apply  also  to  superstructures  of 
the  load  bearing  type. 


Why  the  Framework  Is  Enclosed 

Our  starting  point  is  a building  frame- 
work of  wood,  steel,  or  concrete.  The  frame- 
work by  itself  is  of  very  little  value.  It 
needs  to  be  enclosed  with  an  exterior  (out- 
side) skin  that  will  keep  out  sun,  rain,  snow, 
wind,  heat,  cold,  and  air  pollutants  such  as 
dust  and  smoke.  This  skin  consists  of  a 
roof  on  top  of  the  building  and  exterior  walls 
(sometimes , called  curtain  walls)  on  the 
aides.  Another  need  is  for  one  or  more 
floors  for  the  use  of  people,  equipment,  and 
materials.  For  certain  buildings,  such  as 
warehouses  and  some  factories,  only  the 
outside  of  the  superstructure  needs  to  be 
enclosed.  So  only  a roof,  exterior  walls,  and 
a bottom  floor  are  needed  for  enclosure. 
Fig.  66-1. 

But  let  us  assume  that  we  are  designing 
a house,  a school,  or  an  office  building.  These 
three  types  of  buildings  will  require  some 
additional  features  to  make  them  useful  and 
attractive.  Fig.  66-2.  The  features  which 
enclose  the  inside  of  the  building  are  floors. 


ceilings,  partitions,  and  the  insides  of  ex- 
terior walls.  These  features  permit  control 
of  the  temperature,  humidity,  light,  and 
noise  inside  the  building.  They  also  improve 
the  appearance  by  hiding  utility  lines  and 
by  providing  attractive  textures,  colors,  and 
decorative  details. 

Accordingly,  this  lesson  will  describe 
briefly  roofs,  outside  walls,  floors,  ceilings, 
partitions,  and  interior  surfaces.  It  will 
tell  briefly  what  materials  are  used  for  each. 
It  will  include  mention  of  insulation  which 
may  be  built  into  any  of  these  six.  The  next 
several  readings  will  describe  more  of  the 
details  of  each  item. 


Fig.  56-1.  The  framework  of  fhis  building  is  made  of 
steel. 
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Who  Encloses  the  Framework 

The  architect  usually  selects  the  methods 
and  materials  for  enclosing  the  framework 
of  a building.  Fig.  56-3.  He  makes  selections 
based  upon  appearance,  economy,  and  the 
purposes  for  which  the  rooms  will  be  used, 
and  upon  the  recommendations  of  a struc- 
tural engineer  who  may  design  the  frame 
in  a large  building. 

The  general  contractor  ifi  responsible  for 
enclosing  the  building  although  he  may 
subcontract  parts  of  the  job  such  as  roofing, 
tilework,  and  painting  to  specialty  sub- 
contractors. 

Many  different  types  of  craftsmen  are 
employed.  There  are  carpenters,  masons, 
roofers,  sheet  metal  workers,  glaziers  (who 
install  glass),  laborers,  painters,  tile  setters, 
cement  finishers,  paperhangers,  ironwork- 
ers, and  sometimes  men  from  all  18  of  the 
organized  craft  groups. 


Roofs 


A roof  is  a watertight  skin  which  covers 
the  top  of  . a building.  The  roof  is  usually 


hide  utilities.  The  enclosing  mnterials  also 
provide  a functional  and  attractive  surface. 
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put  on  before  exterior  walls  are  started  and 
before  floors  are  laid.  There  are  many  ex- 
ceptions to  this,  particularly  in  the  case  of 
a high  rise  building  where  exterior  walls 
and  floors  are  sometimes  placed  before  the 
framework  is  “topped  out”  (reaches  the 
roof).  Roofs  may  be  fiat  or  sloped  (slanted) . 
Flat  roofs  may  be  made  of  metal  or  plastic, 
but  they  are  usually  “built  up”  of  alternate 
layers  of  roofing  felt  (which  you  may  call 
tar  pap^^)  and  a black,  gummy  asphalt  or 
tar.  A sloped  roof  may  be  made  of  metals 
or  of  rolled  asphalt  roofing,  but  the  most 
common  roofing  materials  are  shingles  of 
asphalt,  asbestos,  slate,  tile,  or  wood.  The 
next  reading  discusses  roofing  in  more  de- 
tail, Fig.  56-4. 


Exterior  Walls 

Curtain  walls  enclose  the  exteriors  of 
framed  superstructures.  Fig.  56-5.  They  in- 
clude windows  and  doors.  These  walls  al- 
ways include  a surfacing  material.  They 


Fig.  56-3.  The  architect  or  engineer  selects  the 
materials,  and  the  contractor  hires 
craftsmen  to  install  them.  This  enclosing 
material  is  marble. 

t-  A’ . 
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usually  include  insulation  to  prevent  the 
passage  oi'  heat  and  sound,  and  a thin  vapor 
barrier  to  prevent  the  passage  of  water 
vapor  in  the  air. 

Exterior  walls  may  be  built  of  wood, 
aluminum,  enameled  or  stainless  steel,  con- 
crete, stucco,  plastic,  glass,  or  masonry  ma- 
terials ,such  as  brick,  clay  tile,  concrete 
block,  and  facing  stone.  Combinations  may 
be  uscid,  such  as  stone  backed  up  with  con- 
crete block  or  stucco  (a  rough  plaster  of 
cement,  sand,  and  water)  applied  over 
masonry. 


Floors 

Most  floors  are  made  of  at  least  two 
layers,  a rough  floor  and  a finished  floor. 
For  instance,  in  a wall-to-wall  carpeted 
house  that  sits  on  a concrete  slab,  the  slab  is 
the  rough  floor  and  the  carpeting  is  the  fin- 
ished floor.  To  provide  walking  surfaces  for 
workmen  and  a place  for  storing  construc- 


Fig.  56-4.  This  aerial  picture  shows  workmen 

installing  corrugated  metal  roofing  to 
furring  strips  on  roof  rafters. 


tion  materials,  rough  floors  are  usually  in- 
stalled as  soon  as  possible.  (In  some  rein- 
forced concrete  buildings,  floor  slabs  are 
part  of  the  framework.)  Finished  floors  are 
usually  one  of  the  last  things  placed  in  a 
building.  Often  they  are  not  laid  until  all 
interior  (inside)  painting  is  complete. 

Flooring  materials  include  concrete,  steel, 
wood,  ceramic,  asphalt  vinyl  (plastic),  lino- 
leum, carpeting,  and  terrazo  (a  stone  and 
cement  mixture).  Floors  sometimes  include 
a vapor  barrier  but  rarely  do  they  include 
insulation.  Fig.  56-6. 


Ceilings 

Sometimes  the  underside  of  a floor  sys- 
tem serves  as  a ceiling  for  the  rooms  be- 
neath. Usually  beneath  a subfloor  there  is 
an  ugly,  dust-catching  tangle  of  pipes,  wires, 
and  ducts.  Also  an  exposed  subfloor  reflects 
sound,  resulting  in  a noisy  atmosphere.  To 
prevent  these  situations,  a ceiling  is  placed 
at  the  bottom  of  the  overhead  floor  system, 
or  hung  from  it  on  wires  or  small  steel 
angles.  (The  latter  is  called  a suspended 


Fig.  56-5.  Glaziers  have  enclosed  this  curtain  wall 

office  building  with  over  1,000  glass  panels. 
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ceiling.)  The  “dead  air”  (space  above  the 
ceiling)  serves  as  an  insulator,  making  the 
room  easier  to  heat  and  cool.  A finished  ceil- 
ing greatly  improves  the  appearance  of  a 
room.  The  ceiling  can  be  made  of  acoustical 
(sound  deadening)  materials  to  cut  down 
noise.  Ceiling  materials  are  lath  and  plaster, 
gypsum  board,  plywood,  accoustical  or  fi- 
brous tile,  metal,  and  plastics,  Fig.  56-7. 


mercial  buildings  where  activities  change 
from  year  to  year,  and  the  division  of  in- 
terior space  needs  to  be  changed.  Parti- 
tions may  be  built  of  wood  or  steel  framing, 
covered  either  with  lath  and  plaster  or 
gypsum  board.  Other  partitions  are  made  of 
steel,  of  masonry  (usually  lightweight  con- 
crete block  or  clay  tile),  of  glass,  or  of 
plastics. 


Partitions 


Interior  Surfaces  of  Exterior  Walls 


Partitions  are  walls  which  divide  the 
space  inside  a building.  They  provide  pri- 
vacy and  they  separate  the  various  func- 
tions or  activities  within  the  building.  Load 
bearing  partitions  support  part  of  the  struc- 
ture. Nonload  bearing  partitions  support 
only  their  own  weight.  Some  partitions,  such 
as  sliding  doors  and  heavy  drapes,  are  easily 
movable.  Your  school  or  Sunday  School 
building  may  have  movable  partitions. 
There  are  other  partitions  that  can  easily  be 
moved  by  craftsmen.  They  are  useful  in  corn- 


interior  surfaces  hide  utility  lines  and 
improve  inside  appearance.  They  usually 
have  two  layers:  a subsurface  material  and 
a finish  or  surface  layer.  Subsurface  ma- 
terials, which  are  attached  to  the  frame- 
work, may  be  of  lath  and  plaster,  glass, 
wood,  plywood,  metal,  gypsum  wallboard, 
plastic,  or  masonry.  Fig.  56-8.  Finishes  may 
be  paint,  wallpaper,  cloth,  wood,  cellulose  or 
fiberboard  products,  ceramic  tile,  or  plastics. 


Fig.  56-6.  The  workman  is  cementing  a finished  vinyl 
floor  to  the  subflooring.  Notice  the  chalk 
lines  on  the  floor.  The  tiles  are  laid  from 
the  center  of  the  room  to  the  walls. 


Fig.  56-7.  A workman  is  installing  acoustical  tile  on 
furring  strips  which  are  attached  to  the 
ceiling.  What  are  some  purposes  of  the 
tile? 
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Insulation 

One  main  reason  for  insulating  is  to  help 
keep  the  temperature  inside  a structure 
from  changing  as  the  outside  temperature 
changes.  Insulation  also  reduces  the  passage 
of  noise,  and  some  insulation  acts  as  a 
vapor  barrier,  Fig.  66-9. 

Just  as  the  insulation  is  installed  to  pre- 
vent the  passage  of  heat,  so  a vapor  barrier 
is  installed  to  prevent  the  passage  of  mois- 
ture. The  vapor-  barrier  may  be  the  insula- 
tion itself,  as  in  the  case  of  aluminum  foil 
sheets.  It  also  may  be  a part  of  the  insula- 
tion, as  when  asphalt-treated  felt  is  at- 
tached to  insulating  batts.  A vapor  barrier 
also  may  be  separate  sheets  of  moisture- 
resistant  material  such  as  a film  of  plastic 
or  a layer  of  asphalt-treated  felt.  In  any 
case,  the  barrier  is  installed  to  keep  out 
unwanted  moisture  or  water  vapor.  It  is 
usually  installed  along  with  the  insulation. 

Buildings  which  are  to  be  heated  or 
cooled  are  insulated  with  materials  which 
are  poor  conductors  of  heat.  Some  insulation 


materials  also  absorb  sound  waves.  These 
are  used  where  soundproofing  is  needed. 


Fig.  56-9.  Insulating  batts  have  been  installed  between 
the  studs  of  this  building. 


Fig.  56-8.  The  plasterers  here  are  applying  a "brown 
coat"  of  plaster  over  a "scratch  coat"  to 
enclose  this  interior  wall. 


Fig.  56-10.  Shown  here  are  some  of  the  layer.',  of 
materials  which  are  used  to  enclose 
exteriors:  plywood,  waterproof  paper, 
and  shingles. 


Insulation  may  either  be  placed  in  the 
spaces  between  framing  members  in  the 
roof  and  walls  or  may  be  applied  across  the 
outer  surfaces  of  the  frame.  Insulation 
comes  as  loose  materials  which  are  poured 
or  blown  in  place,  flexible  batts,  or  rigid 
panels.  Materials  used  as  insulation  include 
asbestos,  spun  glass,  shredded  paper,  flber- 
board,  and  plastic  foams  and  crumbs. 

Summary 

The  framework  of  a building  is  enclosed 
on  the  outside  to  keep  out  the  weather. 
Fig.  66-10.  It  is  enclosed  on  the  inside  by 
floors,  ceilings,  partitions,  and  interior  wall 
surfaces.  Insulation  to  prevent  the  passage 
of  heat  and  sound  forms  part  of  the  enclo- 
sure of  a building.  A vapor  barrier,  either 
separate  or  included  in  the  insulation,  also 
may  form  a part  of  the  flooring  and  exterior 
walls. 
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Terms  to  Know 

enclosed  structures 
air  pollutants 
exterior 
functional 
glaziers 
insulation 
“topped  out” 
corrugated 


Think  About  It! 

1.  What  kinds  of  exterior  materials  enclose 
your  school? 

2.  Identify  the  materials  that  enclose  the 
frame  or  bearing  wall  in  your  industrial 
arts  laboratory. 


rough  floor 
finished  floor 
furring  strips 
suspended  ceiling 
dead  air 
partitions 
acoustical  tile 
vapor  barrier 
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Roofing  Exterior  walls  Ceilings  Partitions  Interiors  of  Insulation 


and 

floors 


exterior  walls 


Roofing 


This  reading  is  about  roofs.  In  a one-or 
two-story  building,  the  roof  is  generally  one 
of  the  first  parts  of  the  framework  to  be  en- 
closed. On  high  rise  construction,  much  of 
the  structure  may  be  enclosed  before  it  rises 
to  the  roof  level. 

As  the  top  cover  for  a building,  the  roof 
protects  the  inside  from  damage  by  wind, 
rain,  and  snow,  A roof  may  also  add  to  the 
appearance  or  character  of  a building.  Fig. 
67-1. 


Types  of  Roofs 

There  are  two  general  types  of  roofs: 
flat  and  pitched.  Fig.  67-2.  A flat  roof  is 
seldom  really  level.  Usually  it  has  a very 


Fig.  57-1.  The  purpose  of  ine  roof  Is  to  protect  the 
Interior  of  a building  from  the  weather. 

The  roof  also  can  be  a major  factor  in  the 
appearance  of  a building. 
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slight  slope  or  slant.  It  is  used  mostly  in 
commercial  or  industrial  construction. 

A pitched  roof  has  a much  greater  slant 
or  slope  than  a flat  roof.  It  is  most  often 
used  for  houses,  but  it  may  be  applied  to 
other  structures  to  achieve  a pleasing  archi- 
tectural effect.  Also,  some  buildings  have  a 
straight  or  curved  sloping  roof.  An  example 
might  be  a church  or  a large  auditorium. 

You  will  learn  more  about  pitched  roofs 
used  in  houses  when  you  design  your  dream 
home.  The  rest  of  this  reading  will  be  about 
flat  or  curved  roofs  as  they  are  built  on 
homes  and  business  places. 


Advantages  of  Flat  Roofs 

The  biggest  advantage  of  a flat  roof  is 
that  the  space  directly  underneath  is  com- 
pletely usable.  Fig.  67-3.  The  slanted  ceiling 
of  an  attic  under  a pitched  roof  can  be  used 
only  in  limited  ways.  A room  with  a slanted 


Fig.  57-2.  Roofs  are  either  pitched  or  flat. 
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ceiling  is  also  difficult  to  heat  and  air- 
condition.  Getting  the  most  space  for  the 
least  money  is  important  in  most  industrial 
and  commercial  structures.  Therefore,  these 
buildings  generally  have  a flat  roof. 

A flat  roof  offers  several  cost  advantages. 
It  has  the  least  area  roofing  for  the 
amount  of  floor  space  covered.  It  uses  the 
cheapest  materials.  The  roofing  operation 
can  be  done  by  the  moat  modern  mechanized 
equipment. 

Sometimes  a flat  roof  requires  a heavier 
framework  than  does  a pitched  roof.  How- 


Fig.  57-3.  When  a flat  roof  is  used,  all  the  space 
underneath  is  usable. 


Fig.  57-4.  Here  steel  roof  deck  is  being  hoisted  into 
place  on  top  of  a framework. 


ever,  the  cost  advantages  of  a flat  roof 
nearly  always  outweigh  this  disadvantage. 
Accordingly,  flat  roofs  are  most  common  for 
large  buildings  unless  a specific  architec- 
tural effect  is  desired  for  the  sake  of  appear- 
ance or  utility. 

Supporting  Framework 

A roof  is  supported  by  the  framework  of 
the  building.  The  part  of  the  framework 
that  lies  directly  under  the  roof  is  a system 
of  concrete,  steel,  or  wooden  rafters,  beams, 
trusses,  or  reinforced  concrete  slabs.  The 
building  of  this  framework  has  been  studied 
in  earlier  lessons. 

Deck 

On  top  of  the  supporting  framework,  the 
roof  deck  is  laid.  The  deck  supports  many 
things : 

1.  Weight  of  the  roof, 

2.  The  snow  or  rain, 

3.  Roof-top  equipment  such  as  air  ,‘ondi- 
tioning  units,  and 

4.  Equipment  used  by  the  roofer. 

The  deck  may  be  made  of  steel,  pre- 
atressed  concrete  slabs,  ordinary  reinforced 
concrete,  pl3rwood,  gypsum,  vermiculite, 
shredded  wood  fibers,  or  fiberboard.  Roofs 
usually  cover  large  areas  and  are  subject  to 
wide  variations  in  temperature  (from  below 
zero  to  above  150  degrees).  Therefore,  roof 
decks  are  constructed  with  expansion  joints. 
The  decking  is  laid  by  a roof-deck  contrac- 
tor or  by  a general  contractor. 

Insulation 

The  outside  surface  of  a building  consists 
of  the  exterior  walls  and  tho  roof.  On  a 
modern  one-story  factory,  the  roof  area  may 
be  as  much  as  95%  of  the  total  surface.  It  is 
important  that  the  roof  be  properly  insu- 
lated to  prevent  the  loss  of  heat  in  the  win- 
ter and  of  cooled  air  in  the  summer. 
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Some  types  of  roof  decking  (fiberboard, 
gypsum,  or  lightweight  concrete)  them- 
selves provide  enough  insulation.  These  ma- 
terials, however,  cannot  be  used  for  decking 
if  great  structural  strength  is  needed. 

Steel,  ordinary  concrete,  and  wood  deck- 
ing provide  more  structural  strength  but 
are  poor  insulators.  Fig.  57-4.  Extra  insula- 
tion is  needed  with  these  materials  if  the 
temperature  inside  the  structure  is  to  be 
controlled. 

Insulation  consists  of  sheets  of  wood  or 
plant  fiber,  fiberglass,  cork,  or  foamed  plas- 
tic, Fig.  57-5.  All  of  these  are  excellent 
insulators  when  dry,  but  not  when  wet.  If 
the  building  will  have  high  humidity  in  it, 
a vapor  barrier  is  placed  on  top  of  the  deck. 
The  vapor  barrier  will  keep  the  insulation 
from  becoming  soaked  with  water.  The 
vapor  barrier  is  a very  thin  layer  (mem- 
brane) through  which  moisture  cannot 
pass.  It  may  consist  of  a plastic  sheet, 
cemented  to  the  deck  with  an  adhesive,  or  of 
roofing  felt  and  a layer  of  bitumen.  The 
vapor  barrier  and  the  insulation  are  laid  by 
the  roofers. 


Built-Up  Roofing  Materials 

Although  other  materials  such  as  metal 
and  plastics  are  used,  over  90%  of  all  flat 
roofs  are  of  the  built-up  type.  Three  kinds 
of  material  are  combined  in  a built-up  roof: 
rooflng  felt,  bitumen  (asphalt  or  tar),  and 
gravel  (or  slag).  Sea  Fig.  57-6. 

Roofing  felt  is  a mat  of  fiber  which  has 
been  soaked  (at  the  factory)  in  bitumen. 
It  comes  in  rolls  36"  wide  and  in  a number 
of  weights  (for  example,  15  pounds  per  100 
square  feet  and  30  pounds  per  100  square 
feet). 

The  bitumen  is  a thin  liquid  when  heated, 
and  it  is  easy  to  apply.  Fig.  57-7.  However, 
when  it  cools,  it  becomes  a soft  and  flexible 
solid.  It  seals  against  the  passage  of  water. 

The  gravel  or  slag  consists  of  pieces  about 
the  size  of  a pea.  It  has  many  uses : 

1.  To  protect  the  roof  against  foot  trafliic. 


2.  To  help  the  roof  resist  uplift  (blowing 
off  by  wind), 

3.  To  protect  the  bitumen  from  the  direct 
rays  of  the  sun,  and 

4.  To  reflect  and  absorb  the  heat  of  the 
sun,  thus  keeping  the  roof  cooler. 

All  of  these  roofing  materials  are  rela- 
tively low  in  cost.  The  fibers  are  by-products 
of  the  food  industry.  The  bitumen  is  a by- 
product of  producing  gasoline.  Slag  is  a by- 
product of  steelmaking.  Gravel  is  produced 
by  crushing  natural  rock. 


Fig.  57-5.  Here  foam  plastic  insulating  panels  are 
being  installed  on  the  deck. 


Fig.  57-6.  Several  materials  are  Combined  in  a 
built-up  roof. 
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Laying  a Built-Up  Rcof 

In  laying  a built-up  roof,  the  bitumen  is 
heated  and  spread,  or  “mopped,”  on  top  of 
the  insulation.  A roll  of  felt  is  laid  in  the 
hot  bitunflien,  and  more  bitumen  is  mopped 
over  three-fourths  of  its  width.  On  top  of  the 
bitumen,  another  strip  of  felt  is  laid  so  that 
it  laps  over  three-fourths  of  the  width  of  the 


Fig.  57-7.  This  man  is  spreading  bitumen  on  a roof. 


Fig.  57-8.  Roofing  felt  Is  applied  on  top  of  the 
bitumen. 


previous  strip  of  felt.  Another  coat  of  bitu- 
men is  then  applied  on  top  of  this  roll  of 
felt. 

The  process  of  building  up  alternate  lay- 
ers of  roofing  felt  and  bitumen  is  repeated 
until  the  desired  number  of  layers  (called 
plies)  is  in  place.  Fig.  67-8.  The  number  of 
plies  may  vary  from  three  to  seven,  depend- 
ing upon  the  climate  and  the  number  of 
years  of  life  expected  from  the  roof.  Good 
workmanship  and  quality  materials  are  also 
important  in  producing  a durable  roof. 

On  top  of  the  last  layer  of  felt  is  spread  a 
heavier  layer  of  bitumen  called  a flood 
coat.  The  gravel  or  slag  is  spread  evenly 
and  embedded  in  the  flood  coat  while  it  is 
still  hot.  Fig.  67-9.  A smooth  surface  on  a 
roof  is  simply  flnished  with  a flood  coat.  No 
gravel  or  slag  is  used. 


Flashings 

Flashings  are'  strips  of  material  which 
seal  the  joints  between  roofing  and  anything 
else  that  projects  or  rises  above  it.  Fig.  67- 
10.  Flashings  are  needed  at  the  edges  of 
built-up  roofing;  around  pipes,  vents,  and 
chimneys;  and  at  expansion  joints.  Flash- 
ings can  be  formed  from  sheet  metal  (cop- 


Fig.  57-9.  The  final  layer  of  a built-up  roof  may  be 
gravel  or  slag. 


f~\  — 

ogo 


340 


The  World  of  Construction 


per,  galvanized  steel,  aluminum,  stainless 
steel,  or  lead).  Also  asphalt  felt,  rubber, 
and  plastic.'?  are  used.  There  are  many  types 
of  flashings  to  take  care  of  many  different 
types  of  joints.  All  must  be  carefully  in- 
stalled because  a roof  is  more  likely  to  leak 
at  joints  than  anywhere  else. 


These  new  materials  are  attractive  in 
appearance  and  are  durable.  The  main 
drawback  to  them  is  their  cost.  They  are 
not  made  from  waste  products,  as  most  of 
the  traditional  materials  are.  Thus,  they 
cost  more.  In  most  cases  the  savings  in 
labor  costs  when  a single  layer  is  put  on 
helps  to  offset  the  high  cost  of  the  materials. 


New  Types  of  Flat  Roofing'  Materials 

Conventional  built-up  roofs  of  felt  and 
bitumen  have  been  used  for  many  years  and 
still  comprise  over  90%  oi  the  flat  roofing 
put  on  each  year.  Recently  some  new  prod- 
ucts and  techniques  have  been  introduced. 
These  fall  into  two  basic  groups:  liquid- 
applied  systems  and  one-ply  systems. 

The  liquid-applied  systen^s  may  be  sprayed 
or  applied  with  a paint  roller.  Typical 
liquid  systems  may  be  made  of  silicone 
rubber  or  plastics.  Fig.  67-11. 

One-ply  systems  are  applied  in  a manner 
very  much  lik.e  conventional  built-up  roof- 
ing. There  are  two  differences:  (1)  these 
systems  are  only  one  layer  thick  and  (2) 
they  are  not  made  of  conventional  roofing 
felt.  The  materials  used  are  synthetic  rub- 
ber or  various  types  of  plastics.  The  mem- 
brane is  attached  to  the  deck  with  special 
adhesives. 


Fig.  57-10.  This  roofer  is  installing  a metal  flashing. 


Roofing  Bonds 

Many  times  the  architect-engineer  will 
specify  a bonded  roof.  The  bond  is  a limited 
guarantee  by  the  company  which  installs 


Fig.  57-11.  Silicone  is  one  of  the  newest  roofing 

materials.  Note  that  the  roof  is  irregular 
in  shape  rather  than  flat. 
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Fig.  57-12.  Manufacturers  issue  worranly 

agreements  to  guarantee  their  products 
to  the  purchaser. 
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the  roofing  materials.  The  contractor  guar- 
antees to  pay  for  a*iy  necessary  repairs  to 
the  roof  for  a certain  period  of  time,  usually 
ten  or  twenty  years,  "'^en  a bonded  roof  is 
specified,  details  as  to  the  number  of  plies 
and  the  flashing  are  usually  left  to  the  roof- 
ing material  manufacturer  and  the  roofing 
contractor. 


Summary 

A roof  encloses  the  top  of  a structure. 
Roofs  may  be  flat  or  pitched.  Flat  roofs  are 
watertight  skins  usually  built  up  from 
alternate  layers  of  roofing  felt  and  bitumen. 
Joints  between  the  roofing  and  objects,  such 
as  chimneys  which  extend  above  the  roof, 
are  made  watertight  with  flashings.  New 
liquid  and  one-layer  roofing  materials 
show  much  promise  in  reducing  labor  costs 
and  extending  roof  life. 


Terms  to  Know 

alternate 

built-up  roof 

flat  roof 

roofing  felt 

pitched  roof 

gravel 

slope 

slag 

roof  deck 

plies 

bitumen 

flashings 

membrane 

bonded 

horizontal  gutters 

expansion  joints 

vertical  downspouts 

insulation 

adhesives 

vapor  barrier 

Think  About  It! 

1.  In  your  part  of 

the  United  States, 

there  more  flat  or  pitched  roofs?  Why? 

2.  Look  at  the  ceiling  in  the  room  in  which 
you  are  sitting,  is  there  evidence  of  a 
leaking  roof?  If  so,  why?  If  not,  why? 
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-Built  up 
-Liquid— applied 
-One-ply 


-Metal 

-Concrete 

-Wood 

“Manufactured 
sheet  materials 


-Plastic 
-Roofing  felt 
“Metal 


-Some  decking 

-Fiberglass 

-Cork 

-Foamed  plastic 

-Manufactured 
sheet  materials 


-Joints 

“Edges 

“Around 
projections 
through  roof 
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Enclosing  j 
Exterior  Walls  ) 


The  outside  walls  of  a building  are  of  two 
types:  load  bearing  and  nonloacl  bearing. 
Many  one-story  buildings  have  no  frame- 
work. The  entire  load  is  carried  on  the  wall. 
Buildings  constructed  hundreds  of  years 
ago  used  load  bearing  walls,  Fig.  68-1.  For 
buildings  more  than  two  stories  high,  walls 
had  to  be  quite  thick  at  the  bottom  to  sup- 
port the  heavy  loads.  Men  finally  found  that 
it  was  far  more  economical  to  erect  framed 
buildings  with  nonload  bearing  or  curtain 
avails,  Fig.  68-2.  Very  recently,  new 
techniques  of  using  reinforced  concrete  have 
made  possible  a return  to  load  bearing  walls 


Fig.  58-1.  Old  buildings  were  constructed  mainly  with 
load  bearing  walls.  This  structure  in  Mesa 
Verde  National  Park  Is  hundreds  of  years 
old. 


even  on  high  rise  buildings.  This  j lesson 
relates  to  nonload  bearing  or  curtairj  walls 
which  form  an  exterior  skin  aroufid  the 
sides  of  buildings. 


Who  Installs  Exterior  Walls 


The  architect  chooses  the  materials  and 
the  type  of  exterior  walls  for  a [planned 
building.  If  the  structure  will  be  l[irge,  he 
consults  first  with  a structural  (civ|.l)  engi- 
neer. The  architect  must  give  manyikinds  of 
important  information.  For  example,  in  the 


Fig.  58-?.  Many  modern  structures  use  curtain  wall 

construction.  The  glass  in  this  building  does 
not  support  the  roof.  Instead,  It  covers  the 
framework  which  supports  the  entire 
structure. 
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case  of  a brick  wall,  plans  and  specifications 
must  show  (1)  where  the  wall  is  to  be 
placed,  (2)  its  thickness,  (3)  the  location 
and  sizes  of  window  and  door  openings,  (4) 
the  pattern  for  laying  brick  (sometimes 
called  bond),  (5)  the  type  of  joints,  (6)  the 
kind  of  mortar  and  brick,  and  (7)  how  the 
wall  is  to  be  tied  into  the  frame. 

Usually  the  exterior  walls  are  enclosed  by 
the  general  contractor  with  his  own  em- 
ployees. Sometimes,  however,  this  task  is 
subcontracted  to  a specialty  subcontractor: 
for  example,  one  who  does  only  masonry 
work. 

A great  many  different  craftsmen  work  on 
installing  curtain  walls.  These  include  car- 
penters, bricklayers,  stone  masons,  sheet 
metal  workers,  welders,  glaziers  (who  install 
glass),  and  ironworkers. 


Materials  for  Enclosing  Exterior  Walls 

Exterior  walls  may  be  covered  with  many 
different  types  of  materials : 

1.  Masonry, 


Fig.  58-3.  The  masonry  work  must  be  done  accurately 
If  other  parts  of  the  structure  are  to  fit 
properly. 


2.  Wood  siding, 

3.  Panels  of  wood,  plastic,  glass,  alumi- 
num, enameled  steel,  or  concrete,  or 

4.  Other  materials  such  as  poured-in- 
place,  reinforced  concrete  and  stucco. 

Door  and  window  frames  (often  called 
bucks)  are  generally  of  steel,  aluminum,  or 
wood.  Above  each  is  a lintel  (a  beam)  Avhich 
supports  the  exterior  wall  above  the  open- 
ing. Below  each  frame  is  a threshold  or  sill 
to  support  the  frame.  See  Fig.  68-3. 


Masonry 

Masonry  materials  have  been  used  for 
exterior  walls  for  thousands  of  years.  The 
materials  will  not  burn,  are  attractive,  and 
are  found  nearly  everywhere.  Materials  used 
in  masonry  walls  are  brick,  concrete  block, 
clay  tile,  stone  (granite,  limestone,  marble, 
sandstone),  and  glass  block.  Mortar  (a  mix- 
ture of  sand,  water,  and  mortar  cement)  is 
placed  between  the  masonry  units  to  hold 
them  securely  in  place. 

A brick  is  a rectangular  piece  of  clay, 
hardened  in  a very  hot  oven  called  a kiln. 
Most  brick  is  solid.  For  some  uses  it  is 
formed  with  cores  or  hollow  channels.  While 
brick  comes  in  many  sizes,  the  standard 


Fig.  58-4.  Brick  Is  available  In  many  textures  and  a 
number  of  sizes. 
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brick  is  2^/4^'’  high  by  3%,"  wide  by  8"  long. 
Bricks  are  of  many  colors  and  textures,  Fig. 
58-4. 

The  many  types  of  brick  used  for  curtain 
walls  may  be  divided  into  two  general 
groups : common  and  face  brick.  While  cowt- 
mon  brick  sometimes  is  used  as  a facing, 
face  brick  is  used  where  a special  texture 
or  color  is  desired. 

Some  brick  walls  are  8"  and  more  thick 
and  are  built  entirely  of  brick.  Some  walls 
have  only  a 4"  brick  veneer.  (A  veneer  is 
an  outside  or  surface  layer.)  For  a thick 
wall,  it  is  very  common  to  use  face  brick  on 
the  exterior  where  it  will  show.  Common 
brick  is  used  on  the  inside  where  it  will  not 
show.  In  this  case,  we  say  that  our  wall  is 
made  of  face  brick  “backed  up”  by  common 
brick.  Fig.  58-5.  Other  “backup”  materials 
for  brick  (and  also  for  stone)  are  concrete 
block  and  clay  tile. 

The  appearance  of  a brick  wall  depends 
partly  on  the  type  of  mortar  joints  used  and 
the  color  of  the  mortar.  The  way  the  bricks 
are  arranged  also  affects  the  appearance  of 
a wall. 

Concrete  blocks  are  made  from  cement, 
sand,  and  some  kind  of  aggregate,  all  mixed 
with  water.  Crushed  stone  and  gravel  are 
commonly  used  heavy  aggregates.  Light- 
weight aggregate  materials  include  cinders 
and  sawdust. 

Concrete  blocks  generally  are  cored.  A 
cored  concrete  block  usually  has  two  hollow 
spaces  in  it  similar  to  the  holes  in  the  bricks 
in  Fig.  58-4.  Concrete  blocks  come  in  various 
sizes.  The  largest  weighs  about  50  pounds 
(about  as  much  as  can  easily  be  lifted  by 
hand),  and  measures  7%”  by  7%"  by  15%”. 

Concrete  blocks  are  used  in  single  or  multi- 
ple thicknesses  for  commercial,^  industrial, 
or  residential  buildings.  For  use  as  the  ex- 
terior layer  of  a wall,  they  may  be  given 
various  colors  and  textures.  Fig.  58-6.  They 
are  also  used  as  “backup”  for  brick  or  stone 
facing. 

Clay  tile  used  for  masonry  walls  consists  of 
cored  blocks,  hardened  in  a kiln.  Various 
colors  and  textures  are  available,  but  most 


Fig.  58-5.  Notice  the  masonry  wall  ties  between  the 
two  walls.  Together  these  two  walls 
make  up  a bearing  wall. 


Fig.  58-6.  This  man  is  working  with  concrete  block. 
The  mortar  joints  are  neater  and  more 
durable  when  they  are  tooled  or 
compressed.  Vertical  joints  may  be  struck 
flush  and  horizontal  joints  tooled  to  give 
emphasis  to  the  long  lines  of  the  building. 
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clay  tile  is  light  red  in  color  and  is  fairly 
smooth  on  the  outside.  It  comes  in  many 
sizes  and  shapes,  the  largest  being  about 
12"  by  12"  by  12".  Many  older  buildings 
used  clay  tile  as  an  exterior  facing.  Today 
its  principal  use  is  as  a backup  for  a brick 
or  stone  facing. 

Many  older  buildings  were  made  of  solid 
stone.  Because  of  great  weight  and  cost, 
stone  is  now  used  only  as  a facing  or  veneer, 
with  a backup  of  common  brick,  concrete 
block,  or  clay  tile.  Various  kinds  of  stone 
are  suitable : granite,  limestone,  sandstone, 
marble,  and  slate.  Stone  facing  is  usually  3" 
to  6"  thick.  Heights  vary  from  2"  to  24",  and 
lengths  run  up  to  48"  or  more.  Stone  facing  is 
so  heavy  that  a derrick  crane  is  required  to 
handle  all  but  the  smallest  pieces. 

Other  masonry  materials  include  glass 
block,  cobblestones  (rarely  used  now),  and 
various  types  of  ribbon  stone.  Ribbon  stone 
consists  of  thin  layers  of  stone  placed  to 
achieve  a decorative  effect. 


How  Masonry  Is  Laid 

Mortar  is  prepared  in  a mortar  mixer, 
which  is  like  a small  concrete  mixer.  Mason 
tenders,  or  helpers  (formerly  called  hod  car- 
riers), operate  the  mixer  and  keep  the 
masons  supplied  with  mortar  and  pieces  of 
masonry.  Fig.  68-7. 

After  the  job  is  first  laid  out,  then  the 
first  two  courses  are  laid  on  top  of  the  foun- 
dation. In  layout,  accurate  measurement  is 
very  important  to  assure  that  walls  are 
straight  and  that  walls  intersect  at  the  de- 
sired angles.  From  then  on,  the  brick,  block, 
or  stone  laying  begins.  Care  is  taken  to  pro- 
vide openings  for  windows  and  doors.  Plans, 
must  be  followed  carefully.  Joints  must  be 
kept  at  uniform  thickness.  Successful  ma- 
sonry work  requires  great  skill  and  care  on 
the  part  of  the  bricklayer  or  stonemason. 

Among  the  tools  used  by  a mason  are : 

1.  Trowels  to  place  mortar  in  joints, 

2.  A jointing  tool  to  finish  the  various 
types  of  joints. 
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3.  Masonry  hammers  and  chisels  to  break 
and  finish  pieces  into  the  odd  sizes  re- 
quired, and 

4.  A level  used  with  a 6'  folding  rule  and 
a line  to  keep  the  work  straight  and 
level. 

Usually  there  is  a power-driven  masonry 
saw  on  the  job  to  cut  masonry  pieces  into  the 
needed  sizes. 


Wood 

Buildings  with  wooden  frames  are  usually 
enclosed  either  with  a brick  veneer  or  with 
wood.  Recently  aluminum  and  vinyl  siding 
have  come  into  use  also.  When  wood  is  used, 
there  are  usually  three  layers : sheathing,  a 
vapor  barrier,  and  siding. 

Some  sheathing  is  constructed  of  1"  thick 
wood  board  placed  diagonally  across  the 
studs.  Plywood  and  sheets  of  wood  chip  or 
fibrous  material  also  are  used  for  sheathing. 

The  vapor  barrier  is  usually  roofing  felt, 
but  sometimes  aluminum  foil  is  part  of  the 
wood  chip  or  fiber  insulation.  This  barrier  is 


Fig.  58-7.  Bricklayers  often  work  from  scaffolds. 
The  man  pushing  the  cart  is  called  a 
"tender." 
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installed  to  prevent  the  passage  of  water 
vapor  through  the  wall. 

Wood  siding  can  be  built  of  lapped  hoards 
or  shingles.  Neither  siding  boards  nor  shin- 
gles are  entirely  waterproof,  but  because 
they  overlap,  the  completed  wall  sheds  water. 
The  corners  and  ends  of  lap  siding  must  be 
covered  with  wood  or  metal  trim  to  prevent 
leaking.  Both  sheathing  and  siding  are  nailed 
to  the  wood  studs  of  the  frame. 


Panels 

Exterior  walls  may  be  built  of  panels, 
which  are  larger  than  individual  pieces  of 
masonry  or  siding.  Fig.  58-8.  Panels  may  be 
made  of  glass,  plastic,  aluminum,  enameled 
steel,  stainless  steel,  galvanized  steel,  rein- 
forced concrete,  or  marble.  Fig.  58-9.  Various 
types  of  fasteners,  such  as  special  clips  and 
bolts,  hold  the  panels  to  the  frame  of  the 
building.  In  some  cases,  panels  can  be  nailed 
to  wood  or  concrete  frames  with  special 
nails.  Sometimes,  steel  panels  are  welded  to 
steel  frames.  Fig.  58-10. 

Compared  with  masonry,  labor  costs  for 
installing  panels  are  fairly  low.  The  panels 


Fig.  58-8.  This  exterior  panel  is  a wood  laminate. 


Fig.  58-9.  Craftsmen  who  work  for  general  contractors 
or  specialty  subcontractors  install  the 
exterior  walls.  These  men  are  installing 
precut  marble  panels.  Is  this  a load  bearing 
wall? 


Fig.  58-10.  Exterior  panels  are  made  of  many 


materials.  The  Gateway  Arch  in  St.  Louis 
is  covered  with  metal  panels. 
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themselves,  however,  are  often  quite  expen- 
sive. Joints  between  panels,  and  between 
each  panel  and  the  frame,  are  caulked. 

There  is  a special  type  of  panel  construc- 
tion known  as  tilt-up.  Concrete  slabs  are 
poured  in  forms  around  the  outside  of  a 
building,  just  as  though  they  were  pieces  of 
pavement  or  sidewalk.  After  the  concrete 
has  hardened,  a crane  tilts  each  slab  up  into 
a vertical  position  where  it  becomes  part  of 
the  wall.  For  multi-story  buildings,  the  con- 
crete panels  are  cast  on  the  ground  away 
from  the  building,  hauled  to  a storage  area 
near  the  building,  and  then  lifted  into  place 
with  a crane.  The  steel  reinforcing  rods  in 
the  panels  are  welded  to  similar  rods  in  the 
frame,  and  the  joints  are  filled  with  grout. 


Enclosing  Exterior  Walls  347 

asbestos  fibers).  The  end  product  has  all 
the  desirable  properties  of  concrete.  It  is 
hard,  strong,  and  fire-resistant.  Stucco  re- 
sists rot  and  fungus,  and  keeps  its  color. 
Fig.  58-11. 

Stucco  is  generally  applied  over  building 
felt  and  expanded  metal  reinforcement, 
which  have  been  securely  nailed  to  the 
framed  stucture.  Stucco  should  be  applied  in 
three  coats.  The  first,  called  the  scratch 
coat,  must  be  firmly  embedded  into  the  metal 
reinforcement  to  form  a mechanical  bond. 
Next,  the  brown  coat  is  applied.  The  final 
coat  is  called  the  finish  coat.  Stucco  can  be 
finished  in  many  textures,  patterns,  and 
colors. 


Stucco 

Stucco,  which  is  somewhat  similar  to  con- 
crete, is  often  applied  on  the  outside  of  a 
building.  It  is  made  from  masonry  cement, 
sand,  and  water.  Often  plasticizing  miate- 
rials  are  added  (such  as  hydrated  lime  and 


Fig.  58-11.  Many  walls  are  enclosed  by  the  use  of  • 
stucco.  This  work  is  done  by  plasterers 
and  is  part  of  the  trowel  trades. 
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Summary 

The  framework  of  a building  is  covered 
by  exterior  walls  of  masonry,  wood,  panels 
of  various  materials,  or  stucco.  The  type  of 
exterior  wall  is  selected  by  the  architect. 
The  wall  itself  is  installed  by  skilled 
craftsmen. 


Terms  to  Know 

exterior 
curtain  walls 
civil  engineer 
lintel 
threshold 
door  frame 
window  frame 
masonry  brick 


tooled  joints 

ribbon  stone 

scaffolds 

bricklayers 

caulked 

aligned 

a tender 

(hod  carrier) 


kiln 

common  brick 
face  brick 
veneer 
mortar 
bonds 

stretcher  bond 
cored  block 

Think  About  It! 


tilt-up 
aggregates 
lapped  boards 
stucco 

a.  scratch  coat 

b.  brown  coat 

c.  finish  coat 


1.  Why  is  the  exterior  surface  of  a framed 
building  sometimes  called  the  “skin”  of 
the  building? 

2.  In  your  neighborhood,  what  is  the  most 
common  type  of  “skin”  or  exterior  surface 
on  buildings? 


striking 


You  have  read  how  employers  and  work- 
ers reach  agreements  through  collective 
bargaining.  You  also  have  read  how  they 
settle  disputes  by  using  the  grievance  pro- 
cedure, arbitration,  and  mediation.  In  this 
lesson  you  will  read  about  what  sometimes 
happens  when  the  dispute  is  not  settled. 
A work  stowage  (strike)  may  happen.  A 
strike  occurs  when  none  of  the  members  of 
a union  goes  to  work  until  an  agreement  is 
reached. 

Surprisingly,  the  strike,  which  seems  to 
be  a breakdown  in  relations  between  labor 
and  management,  usually  leads  to  a prompt 
settlement.  The  reasons  for  this  are  that 
everyone  loses  money  during  a strike  and 
that  strikes  are  very  unpopular  with  work- 
ers, with  employers,  and  with  the  general 
public.  Accordingly,  the  strike  itself  puts 
pressure  on  both  sides  to  reach  an  agree- 
ment, Fig.  59-1. 


Fig.  59-1.  When  a strike  occurs,  production  is  halted 


until  the  disagreement  between  labor'and 
management  is  settled. 


Even  though  strikes  may  make  headlines 
when  they  do  occur,  they  do  not  happen 
often.  As  you  will  see  later,  both  labor  and 
management  avoid  strikes  if  possible. 


Causes  of  Strikes 

The  principal  cause  of  strikes  is  the  fail- 
ure to  reach  a collective  bargaining  agree- 
ment, usually  over  an  important  issue  such 
as  pay  or  working  conditions.  When  a collec- 
tive bargaining  agreement  is  written,  its 
terms  apply  for  a specihed  period  of  time, 
usually  for  one  to  five  years.  Shortly  before 
the  agreement  expires  (ends),  labor  and 
management  begin  talking  to  each  other 
(negotiating)  about  a new  agreement.  After 
the  old  agreement  expires,  union  workers 
may  continue  to  work  on  a day-to-day  basis, 
hoping  to  get  a satisfactory  new  agreement. 
Only  when  these  negotiations  appear  to 
break  down  do  the  workers  go  on  strike. 

Strikes  do  not  often  take  place  during  the 
life  of  a collective  bargaining  agreement. 
Strikes  happen  more  often  when  the  terms 
of  an  agreement  have  not  been  reached. 
While  an  agreement  is  in  effect,  a strike 
can  arise  from  many  unsettled  disputes  such 
as:  (1)  the  meaning  (interpretation)  of  the 
agreement,  (2)  a claim  by  the  union  that 
the  employer  is  not  following  the  agree- 
ment or  labor  legislation,  or  (3)  grievances. 

In  many  cases  collective  bargaining  agree- 
ments provide  for  voluntary  arbitration  of 
grievances.  As  explained  in  Reading  55, 
strikes  sometimes  come  from  jurisdictional 
disputes,  but  these  generally  are  covered  by 
a voluntary  arbitration  agreement. 
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A union  does  not  usually  call  a general 
or  prolonged  strike  except  as  a final  effort 
after  other  means  of  negotiating  have 
failed.  Labor  uses  strikes  as  a force  to 
balance  the  labor-management  relationship 
and  to  bring  about  a return  to  collective 
bargaining  in  good  faith. 


the  site,  carrying  signs  or  banners  stating 
that  a certain  local  union  is  on  strike,  Fig. 
59-3.  Workers  in  other  unions  may  not  wish 
to  cross  this  picket  line.  If  they  do  not,  they 
remain  away  from  the  job,  causing  construc- 
tion to  stop. 


How  a Strike  Is  Conducted 

Most  strikes  are  organized  by  a union 
which  is  representing  workers  who  are  in- 
volved in  a dispute  with  one  employer,  or 
with  a number  of  employers  in  a v-jertain 
area.  When  the  union  leaders  who  are  ne- 
gotiating with  management  believe  that  a 
strike  is  necessary,  they  call  a meeting  of 
the  union  members  and  discuss  the  situa- 
tion. Then  a vote  is  taken.  If  the  member- 
ship votes  to  strike,  a time  and  date  are 
set.  Fig.  59-2.  On  that  date,  all  members  of 
that  craft  union  leave  their  jobs.  By  strik- 
ing, they  are  saying  that  they  will  not  return 
to  the  job  until  their  demands  have  been 
met.  They  are  not  quitting  their  jobs  but 
are  only  stopping  work  until  such  time  as  an 
agreement  is  reached. 

When  one  craft  stops  work,  other  crafts 
may  not  be  able  to  do  their  own  jobs.  Then 
all  construction  work  stops.  Also,  the  union 
may  assign  workers  to  picket.  To  picket 
means  to  walk  back  and  forth  in  front  of 


Fig.  59-2.  Before  taking  a strike  vote,  merhbers  of  the 


union  discuss  the  issues. 


r\ 


Impact  of  a Strike 

A strike  causes  both  the  contractor  and 
his  workers  to  lose  a large  amount  of 
money.  In  construction,  the  employer  re- 
ceives money  only  for  what  he  builds.  When 
his  employees  do  not  work,  nothing  is  being 
built,  and  no  money  is  being  received  from 
the  owner.  Even  though  the  contractor  may 
not  be  paying  his  workers,  some  of  his 
expenses  continue.  He  must  go  on  paying 
overhead  (the  cost  of  maintaining  his  home 
office  and  field  offices).  Also,  the  cost  of 
equipment  he  is  buying  or  leasing  con- 
tinues, whether  any  work  is  being  done  or 
not.  Such  losses  may  be  especially  great  in 
the  middle  of  a project.  The  contractor  then 
cannot  meet  his  completion  date.  Fig.  59-4. 
While  most  contracts  provide  for  an  exten- 
sion of  this  finishing  date  in  case  of  a strike, 
the  contractor  gets  no  additional  money  to 


Fig.  59-3.  Pickets  walk  back  and  forth  in  front  of  the 
site  carrying  banners  stating  that  the  local 
union  is  on  strike. 
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cover  his  extra  overhead  and  equipment 
costs. 

Workers  lose  money  when  they  strike, 
because  they  are  not  paid  when  they  are 
not  working.  Some  unions  have  a “strike 
fund”  which  provides  for  small  weekly  pay- 
ments to  workers  while  they  are  on  strike. 
However,  these  payments  tend  to  be  quite 
small— -only  a small  fraction  of  the  usual 
weekly  wage.  Most  workers  have  to  dip  into 
their  reserves.  Occasionally  they  seek  tem- 
porary employment  elsewhere,  but  jobs  are 
usually  very  scare  in  the  vicinity  of  a major 
strike. 

Because  strikes  are  a noncooperative 
means  of  settling  a dispute  and . because 
both  sides  suffer  heavy  losses  during  the 
strike,  bad  feelings  often  develop.  In  many 
cases  these  bad  feelings  are  not  forgotten 
for  a long  time  after  the  end  of  the  strike. 
Then  it  is  hard  for  workers  and  employers 
to  work  together  as  efficiently  as  they  did 
before  the  strike. 

Sometimes  bad  feelings  develop  between 
the  parties  in  the  dispute  and  the  com- 
munity. If  an  important  industry  is  affected, 
then  the  whole  community  suffers.  There  is 
an  immediate  economic  impact.  Many  bills 


Fig.  59-4.  This  building  will  not  be  completed  on  time. 
The  production  schedule  will  be  set  back  . 
as  a result  of  the  work  stoppage.  Both 
labor  and  management  will  lose  money. 


go  unpaid  and  the  buying  of  consumer 
goods  (even  food)  is  reduced  to  bare  neces- 
sities. In  the  case  of  construction,  there  may 
be  a long  delay  in  the  completion  of  projects 
(such  as  housing  and  roads)  that  the  com- 
munity badly  needs  and  really  wants.  Both 
management  and  labor  may  be  blamed  for 
such  delays.  Fig.  59-5. 

Because  of  the  effects  of  a strike  on  all 
concerned,  neither  party  looks  forward  to  a 
strike.  When  one  takes  place,  pressure  is 
placed  on  both  sides  to  reach  an  agreement. 


Govermnent  Intervention 

Because  a strike  may  harm  the  general 
public  as  well  as  the  employers  and  workers 
involved,  the  government  sometimes  takes 
action  to  prevent  strikes  and  to  control  or 
end  them.  It  should  be  stressed  that  such 
government  intervention  does  not  happen 
often  in  any  industry,  and  it  is  extremely 
rare  in  the  construction  industry.  Govern- 
ment officials  do  not  like  to  intervene  be- 
cause they  feel  that,  in  our  free  enterprise 
system,  management  and  labor  should  be 
free  to  work  out  their  own  problems  with- 
out outside  interference.  Nevertheless,  there 
are  a few  occasions  when  intervention  is 
needed. 

The  government  sets  up  rules  which  guide 
it  in  making  a decision  about  when  to  act. 
The  fed.eral  government  will  act  under  the 


Fig.  59-5.  If  a strike  continues  for  an  extended  period, 
it  may  take  some  time  before  the  full  work 
force  gets  bock  on  the  job. 
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following  conditions:  (1)  when  the  strike 
causes  great  inconvenience  to  the  public, 
(2)  when  the  strike  is  harmful  to  the  local 
or  national  economy,  (3)  when  the  strike  is 
a threat  to  public  health  or  safety,  (4)  when 
the  strike  is  harmful  to  the  defense  pro- 
gram, and  (5)  when  the  strike  has  a harm- 
ful effect  on  countries  outside  the  United 
States. 

Settlement  of  Strikes 

As  a result  of  the  tremendous  pressure 
on  both  sides  to  settle  the  issues  involved, 
most  strikes  are  settled  after  a few  days  or 
weeks.  Sometimes  they  run  for  months  and 
in  a very  few  instances,  for  years.  Such 
long  periods  usually  involve  great  financial 
losses  to  contractors  and  owners.  Workers 
seek  other  jobs. 

Summary 

A strike  is  a work  stoppage  which  takes 
place  when  other  means  of  settling  disputes 


between  labor  and  management  have  failed. 
Strikes  involve  financial  and  other  losses  to 
employers,  workers,  and  the  general  public. 
Such  losses  place  great  pressure  on  all 
parties  to  seek  an  early  settlement  of  un- 
resolved disputes. 


Terms  to  Know 

striking 

labor 

management 

collective 

bargaining 

expires 

union 


Think  About  It! 

1.  Has  there  been  a strike  in  the  construc- 
tion industiy  in  your  locality  within  the 
past  few  months?  If  so,  what  brought  it 
about? 

2.  When  a strike  occurs,  who  loses?  Why? 


picket 
overhead 
strike  fund 
consumer  goods 
government 
intervention 
intervene 


Stay  off 
job 


Picket 


Unsettled 

grievances 
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Employer 

Union 

members 

Owner 

Public 

This  lesson  explains  insulating.  It  tells 
why  insulation  is  needed,  who  installs  it, 
how  it  works,  what  it  is,  and  how  it  is  put 
into  a structure  for  its  best  use. 


ing  the  condensation  of  water  which 
might  discolor  wall  surfaces  or  cause 
structural  damage.  Fig.  60-1. 


Reasons  for  Insulating 


Insulation  is  used  in  a building  for  many 

reasons : 

1.  To  restrict  or  cut  down  the  flow  of  heat 
either  into  or  out  of  a building  (this  adds 
to  the  comfort  of  the  people  inside  and 
lowers  heating  and  cooling  costs) , 

2.  To  retard  (slow  down)  the  spread  of  fire 
(some  insulation  will  not  burn  under  any 
conditions,  while  others  burn  very  slowly 
when  exposed  to  intense  heat), 

3.  To  absorb  noise,  and 

4.  To  serve  as  a vapor  barrier  by  prevent- 
ing the  passage  of  humid  air  and  reduc- 
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Fig.  60-1.  Insulation  helps  to  prevent  the  passage  of 
heat,  fire,  moisture,  and  noise. 


Three  Kinds  of  Heat  Transfer 

Heat  can  move  or  be  transferred  in  three 
ways : 

1.  By  conduction, 

2.  By  convection,  and 

3.  By  radiation. 

Understanding  heat  transfer  will  help  you 
to  understand  how  insulation  works  to  keep 
a steady  temperature  inside  a structure. 


Conduction  of  Heat 

When  heat  energy  travels  through  a solid, 
we  say  that  the  heat  is  being  conducted.  This 
happens  when  a silver  spoon  or  an  iron  rod 
is  heated  at  one  end.  The  opposite  end  soon 
becomes  warm.  The  metal  did  not  move. 
Only  the  heat  energy  moved  through  the 
metal.  Fig.  60-2. 

The  amount  of  time  it  takes  heat  to  travel 
through  a material  depends  on  the  insulating 
quality  of  the  material.  Iron,  silver,  and 


Fig.  60-2.  Heat  con  be  transferred  by  cond  .ction. 
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some  other  metals  conduct  heat  very  fast. 
Glass,  stone,  and  clay  products  conduct 
heat  somewhat  more  slowly.  Heat  also 
moves  slowly  through  many  of  the  so-called 
“plastic”  materials  such  as  melamine  and 
styrene.  If  you  had  a tumbler  made  of 
aluminum  or  stainless  steel  and  another 
tumbler  made  of  melamine  plastic,  which 
one  would  grow  hot  sooner  on  the  out-ide 
if  filled  with  hot  water? 

One  way  to  slow  down  heat  transfer  by 
conduction  is  to  process  a material  so  that 
it  becomes  porous  or  fluffy.  For  example, 
glasc  is  changed  into  an  excellent  insulator 
by  spinning  it  into  thin  flbers  and  combining 
the  fibers  into  a fluffy  pad  or  batt.  A great 
deal  of  air  is  trapped  in  fiber  glass  insula- 
tion, and  heat  energy  cannot  travel  by 
conduction  through  air.  Fig.  60-3. 


Convection  of  Heat 

When  air  is  free  to  move,  it  carries  with 
it  for  some  distance  any  heat  energy  which 
has  been  put  into  it.  An  air  mass  pouring 
down  from  arctic  regions  brings  very  little 
heat  with  it.  We  call  it  a cold  wind.  Air 
which  is  heated  in  a tropic  region  and  then 
moves  northward  we  call  a warm  breeze  or 
a hot  wind.  This  is  the  principle  which  is 
used  in  warm  air  heating  systems. 

In  the  warm  air  heating  system,  the  air 
is  heated  and  then  is  moved  slowly  around 


Fig.  60-3.  This  bait  of  insulation  combines  mineral 
(glass  fibre)  material  with  metallic 
(aluminum  foil)  material. 


the  building.  Since  the  heat  is  conveyed 
(carried)  along  with  the  air,  the  moving  air 
is  called  a convection  current  and  the  proc- 
ess is  called  heat  transfer  by  convection, 
Fig.  60-4. 

In  a poorly  sealed  building,  the  small 
openings  create  drafts  (movements  of  air) 
in  and  out  of  the  building.  In  winter,  warm 
air  escapes  to  the  outside,  and  cold  outdoor 
air  replaces  it.  In  summer,  cooled  air  in  the 
building  escapes  and  is  replaced  by  un- 
pleasantly warm  air.  Escaping  air  makes  the 
people  inside  uncomfortable  and  raises  heat- 
ing and  cooling  costs.  Thus  heat  transfer  by 
convection  is  part  of  the  problem  of  main- 
taining desirable  air  temperature  in  a 
structure. 


Radiant  Heat  Energy 

Heat  energy  can  be  transferred  in  another, 
very  different  way.  This  is  by  radiation. 
Fig.  60-5.  The  sun’s  heat  warms  the  earth 
after  traveling  millions  of  miles,  mostly 
through  empty  space  (vacuum). 

Radiant  heat  energy  (heat  rays)  passes 
through  air  without  being  absorbed.  When 
the  rays  strike  the  surface  of  a solid  object, 
several  things  can  happen,  depending  on  the 
kind  of  surface  they  strike.  A mirror  will 
reflect  most  of  the  heat  rays.  An  object 


Fig.  60-4.  Heal  can  be  transferred  by  convection. 
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painted  white  will  reflect  too,  but  not  quite 
as  well.  Transparent  glass  will  let  most  of 
the  rays  pass  right  through.  (You  can  feel 
the  sun’s  warmth  through  a closed  window.) 
An  object  painted  black  will  absorb  a very 
large  part  of  the  radiant  energy  and  will  be 
heated.  (A  black  car  parked  in  the  sun  will 
get  hot  sooner  than  a white  car.)  A dull 
surface  will  absorb  more  heat  rays  than  a 
shiny  surface. 


Insulating  to  Control  Heat  Transfer 

In  designing  a building,  the  architect  must 
provide  for  keeping  unwanted  heat  out  and 
for  keeping  wanted  heat  in.  His  knowledge 
of  heat  transfer  by  conduction,  by  convec- 
tion, and  by  radiation  helps  him  in  selecting 
insulating  materials. 

Metal,  once  it  has  absorbed  heat,  will 
conduct  the  heat  energy  rapidly.  But  a 
metal  surface  which  is  light  in  color  and 
very  shiny  will  reflect  heat  that  reaches  it 
in  the  form  of  radiant  energy.  The  rays 
are  “bounced”  oft'  before  thQr  can  be 
absorbed.  Therefore  a thin  sheet  of  shiny, 
lightly  colored  metal  will  insulate  against 
radiant  heat  energy.  Fig.  60-6. 


Concrete,  plaster,  and  glass  will  conduct 
heat,  although  not  as  fast  as  metal.  A great 
deal  of  heat  would  leak  through  the  walls 
of  a concrete  structure,  by  conduction,  if 
the  walls  were  not  lined  with  other  mate- 
rials. Heat  loss  through  glass  by  conduction 
can  be  lowered  by  using  two  thicknesses  of 
glass  with  still  air  trapped  between  the  two 
thicknesses.  Heat  loss  or  gain  through  glass 
by  radiation  is  not  so  easily  prevented.  This 
is  one  reason  for  using  heavy  draperies  or 
blinds  at  large  windows. 

Excessive  loss  of  heat  by  convection  is 
partly  controlled  by  sealing  cracks  in  exte- 
rior walls  and  roof  construction.  This  is  true 
no  matter  what  construction  materials  are 
used.  But  the  materials  must  be  applied  by 
methods  which  allow  for  sealing  against 
air  drafts. 


Who  Installs  Insulation 

The  architect  decides  upon  the  type  of 
insulation  to  be  used.  Insulating  character- 
istics of  most  materials  are  well  known  to 
him.  On  major  structures,  or  where  new 
niaterials  or  techniques  are  used,  the  archi- 
tect may  use  the  services  of  a mechanical 


Fig.  60-5.  Heat  can  be  transferred  by  radiation. 
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Fig.  60-6.  The  shiny  metal  foil  coating  on  this 


insulation  material  will  reflect  heat  which 
reaches  it. 
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engineer.  The  engineer  can  figure  out  what 
the  heat  loss  per  hour  will  be  through  any 
type  of  wall,  ceiling,  fioor,  or  roof.  The 
capacity  of  the  heating  or  cooling  unit 
must  be  larger  than  the  heat  which  will  be 
lost  from  (or  gained  by)  the  building.  This 
means  that  a heating  unit  may  be  smaller 
if  a building  is  well  insulated.  Insulation 
is  selected  which  is  in  keeping  with  the 
design  of  the  building  and  which,  along 
with  the  heating  and  cooling  system,  is 
reasonable  in  cost. 

Insulation  is  most  often  installed  by  the 
general  contractor  with  his  own  employees, 
but  sometimes  it  is  subcontracted  to  roofers, 
masonry  subcontractors,  or  even  subcon- 
tractors who  specialize  in  insulation. 

Craftsmen  who  install  insulation  may 
be  carpenters,  insulators,  masons,  sheet 
metal  workers,  or  roofers.  Painters  often 
do  caulking  work  to  seal  joints. 


Insulating  Materials 

Insulating  materials  are  grouped  into  (1) 
mineral  products,  (2)  vegetable  products 
and  (3)  metallic  products. 

Mineral  insulation  is  made  from  sand, 
glass,  mica,  asbestos,  and  certain  plastics. 
It  may  be  in  the  form  of  loose  fill  consisting 
of  small  particles.  Loose  fill  is  poured 
(Fig.  60-7),  or  it  is  forced  into  place  with 
air  pressure.  Some  mineral  insulation  is 
manufactured  as  batts  (shaped  strips  wound 
up  into  rolls,  as  in  Fig.  60-8).  These  batts 
are  fiexible,  so  they  can  be  moved  around  to 
fit  the  space  in  which  they  are  placed.  Some- 
times, mineral  products  are  pressed  into  the 
form  of  stiff  (called  rigid  or  inflexible)  sec- 
tions or  panels.  Some  common  trade  names 
for  mineral  insulation  are  Rockwool,  Glass- 
wool,  and  Zonalite. 

The  vegetable  class  of  insulation  includes 
materials  such  as  cork,  wood,  and  plant 
stalks.  These  are  generally  sold  in  pressed 
board  or  panel  form,  called  fiberboard  or 
insulation  board,  Fig.  60-9.  The  panels  may 
be  fastened  to  studs  or  rafters.  Masonite, 


Celotex,  and  Roof  Deck  are  common  trade 
names  for  these  products. 

Metallic  insulation,  such  as  aluminum, 
is  made  to  reflect  heat  by  use  of  a bright 
shiny  surface.  Metallic  insulation  may  be 
applied  between  the  building  members  or 
glued  to  the  back  of  gypsum  board.  This 
kind  of  application  is  referred  to  as  foil- 


Fig.  60-7.  Loose-fill  insulation  is  poured  into  the 
spaces  ill  concrete  block. 


Fig.  60-8.  Standard  width  batt  insulation  fits  neatly 
between  studs. 
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backed  drywall.  Metallic  insulation  is  in- 
stalled with  the  shiny  surface  toward  the 
outside  of  the  building.  It  reflects  radiant 
heat  energy  back  outdoors  so  that  it  will 
not  pass  through  the  insulation  to  the  inside 
of  the  building. 


Fig.  60-9.  This  "sound  deadening  board"  is  a form  of 
vegetable  insulation. 


Fig.  60-10.  The  man  installing  loose-fill  insulation 

works  for  the  general  contractor  who  is 
building  the  structure. 


Installing  Insulation 

Loose-fill  insulation  can  be  poured  into 
spaces,  Fig.  60-10.  Sometimes  air  pressure 
is  used  to  blow  loose  insulation  into  place. 

Batt  or  blanket  insulation  is  manufactured 
in  standard  widths  to  fit  between  wall  studs. 
Batt  may  be  glued  to  a single  sheet  of  multi- 
layer kraft  paper  (the  kind  used  in  grocery 
bags),  or  it  may  be  entirely  wrapped.  A 
paper  flange  on  the  edges  of  this  kind  of 
insulation  is  used  for  nailing  or  stapling  it 
to  the  sides  of  the  framing  members. 

Rigid  insulation  is  often  nailed  in  place. 
Fig.  60-11.  This  material  is  sometimes  used 
as  sheathing.  Its  use  in  roofing  was  covered 
in  a previous  lesson. 

Sealing  a Building 

In  addition  to  being  well  insulated,  a 
building  must  be  sealed  against  the  passage 
of  water  and  air  through  joints.  Fig.  60-12. 
As  explained  in  another  reading,  roof  flash- 
ing serves  this  purpose  on  top  of  the  build- 
ing. Joints  in  the  exterior  walls,  especially 
around  window  and  door  frames,  must  be 
completely  caulked  with  a plastic  putty. 
Weather-stripping  will  help  prevent  the 
passage  of  air  around  windows  and  doors. 
The  dead  air  space  between  storm  and 


Fig.  60-11.  This  foamed  plastic  insulation  has  been 
installed  between  concrete  block  and 
brick  veneer  layers  of  this  exterior  wall. 
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Fig.  60-12.  Here  a mixture  of  concrete  and  insulation 
is  being  placed  on  a flat  surface. 


Insulating 
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regular  windows,  or  inside  windows  with 
two  layers  of  glass,  is  effective  in  reducing 
the  transfer  of  heat  and  in  reducing  the 
condensation  of  water. 


Summary 

Insulation  is  used  for  many  reasons : 

1.  To  restrict  heat  flow, 

2.  To  slow  down  the  spread  of  fire, 

3.  To  serve  as  a deadening  agent  against 
noise, 

4.  To  give  comfort  to  the  occupants, 

6.  To  reduce  heating  and  cooling  costs, 
and 

6.  To  stop  water  condensation. 

Vegetable,  mineral,  and  metallic  insula- 
tion are  used  to  control  the  gain  and  loss  of 
heat.  Insulating  material  comes  as  loose  fill, 
flexible  batts,  and  rigid  panels.  The  proper 
sealing  of  cracks  and  openings  helps  to  make 
insulation  more  effective. 


Terms  to  Know 
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Think  About  It! 

1.  If  your  home  caught  on  fire,  would  it  be 
better  to  have  or  not  to  have  insulation 
in  the  walls  and  ceilings  ? Why  ? 

2.  Do  you  know  if  there  is  any  insulating 
material  in  the  outside  walls  and  the 
ceilings  of  your  home?  If  you  do  not 
know,  how  could  you  find  out? 
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Applying 
Wall  Materials 

This  reading  concerns  the  interior  wall 
surfaces  of  a building.  Interior  walls  are 
the  vertical  surfaces  enclosing  all  the  rooms 
and  hallways.  These  include  the  inside 
surfaces  of  the  exterior  walls  and  the 
surfaces  of  interior  partitions  which  divide 
the  space  in  the  building. 

In  general,  the  interior  walls  are  com- 
pleted after  the  roof  is  on,  after  the  exterior 
walls  (including  insulation)  are  completed, 
and  after  ceilings  are  installed. 


Wall  Materials 

Many  types  of  materials  are  used  for 
interior  walls.  Fig.  61-1.  Among  these  are 
wood  and  wood  products,  fabrics,  metal, 
glass,  plastic,  gypsum  board,  plaster  over 
lath,  masonry,  and  tile.  Masonry  units  may 
be  brick,  clay  tile,  concrete  block,  or  a fac- 
ing stone  such  as  marble.  Tile  may  be 


Fig.  61-1.  Many  types  of  materials  are  used  for  walls. 
These  walls  are  made  of  glass. 


ceramic,  rubber,  enameled  steel,  aluminum, 
glass,  or  plastic. 

Who  Installs  Interior  Walls 

The  architect  decides  how  a building  will 
be  divided.  He  shows  the  layout  on  the  floor 
plan.  He  also  chooses  the  materials  to  be 
used  and  the  design  of  interior  walls.  Some- 
times an  interior  designer  helps  the  archi- 
tect to  select  wall  materials. 

The  general  contractor  may  install  inte- 
rior walls  with  his  own  employees.  Or  he 
may  subcontract  this  work,  especially  when 
a very  specialized  trade  such  as  tile  setting 
is  involved.  Sometimes  the  manufacturer  of 
movable  partitions  also  installs  them. 

Many  different  craftsmen  can  apply  inte- 
rior wall  materials.  Among  these  are  car- 
penters, plasterers,  insulators,  tile  setters, 
masons,  ironworkers,  laborers,  glaziers,  and 
painters.  Craftsmanship  is  extremely 
important,  not  only  for  the  usual  reasons 
(utility  and  durability)  but  also  because 
the  interior  wall  surfaces  are  those  we  see 
most  inside  a finished  building. 

Types  of  Partitions 

Partitions  may  be  classed  as  (1)  fixed, 
(2)  movable,  or  (3)  room  dividers.  Fixed 
partitions  are  the  most  common  type.  These 
can  usually  be  torn  out  easily  (unless  they 
form  a load  bearing  wall),  but  they  are  not 
so  easy  to  put  back  in  elsewhere.  See  Fig. 
61-2. 

Some  fixed  partitions,  principally  in  wood 
frame  construction,  carry  part  of  the  load 
of  the  floor  or  roof  above.  These  are  called 
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load  hearing  'partitions.  In  buildings  with 
concrete  and  steel  framework,  load  bearing 
partitions  are  seldom  used  at  the  present 
time,  although  sometimes  the  interior  walls 
of  barracks  and  dormitories  carry  loads 
above. 

Some  movable  partitions  are  designed  so 
that  the  people  in  a building  can  move 
them  easily.  They  are  often  used  in  schools, 
churches,  restaurants,  and  hotels  to  change 
room  sizes  rapidly.  Some  are  sets  of  hinged, 
rigid  panels.  Others  are  flexible  panels 
that  hang  from  a ceiling  track  and  fold  like 
an  accordion. 

Other  movable  partitions  must  be  ad- 
justed by  craftsmen.  Fig.  61-3.  These  are 
panels  constructed  of  metal  or  of  wood  or 
steel  studs  faced  with  gypsum  board  or 
wood.  Often  they  are  installed  in  runners 
or  tracks  which  can  be  unscrewed  from  the 
floor  and  ceiling,  making  the  panels  easy  to 
remove  and  put  up  in  a new  location. 

Room  dividers  are  partitions  which  go 
only  part  way  up  from  the  floor  to  the  ceil- 
ing. They  may  be  screens,  grilles,  planters, 
or  counters.  Room  dividers  may  be  either 
fixed  or  movable,  Fig.  61-4. 


Fig.  61-2.  This  is  a fixed  partition.  It  carries  the  load 
of  the  building  upon  it  and  cannot  be 
moved. 


Framing  Partitions 

A common  form  of  partition  is  framed 
with  wood  studs,  plates,  and  sills,  and 
covered  with  lath  and  plaster,  drywall,  or 
paneling.  In  commercial  buildings,  steel 
studs  are  often  substituted.  Fig.  61-5.  A 


Fig.  61-3.  Although  this  partition  is  movable,  it  must 
be  moved  by  a craftsman. 


Fig.  61-4.  These  shower  stall  partitions  do  not  reach 
the  ceiling  and  are  thus  classified  as  room 
dividers. 
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partition  wall  can  also  be  solid,  freestanding 
masonry,  either  with  or  without  additional 
wall  surfacing  such  as  drywall. 

In  wood  frame  buildings,  the  framework 
for  the  partitions  is  usually  erected  along 
with  that  for  the  exterior  walls.  In  concrete 
or  steel  frame  buildings,  interior  partitions 
generally  are  not  installed  until  completion 
of  the  roof  and  exterior  walls.  On  high  rise 
structures,  they  are  sometimes  installed 
before  the  roof  is  finished. 


Applying  Wall  Materials 

In  drywall  construction,  large  semirigid 
sheets  of  gypsum  board  are  attached  to  the 
structural  members.  The  gyp.suin  board 
(also  called  plasterboard)  has  a hardened 
plaster  core  or  center  layer  covered  with 
strong  paper,  fiberboard,  or  felt.  It  comes 
in  standard  4'  by  8'  and  4'  by  10'  sizes. 

Drywall  sheets  are  attached  with  self- 
drilling and  self-tapping  screws  to  metal 


Fig.  61-5,  Surfacing  work  has  just  started  on  these 
steel  studs.  Metal  lath  has  been  installed 
over  part  of  the  ceiling.  Rock  lath  has  been 
clipped  to  the  studs  in  the  background. 


frames.  Fig.  61-6.  They  are  nailed  to  wooden 
frames.  Where  the  panels  are  installed  on 
the  face  of  masonry  walls,  1"  by  2"  wooden 
furring  strips  first  are  nailed  to  the 
masonry.  Then  the  gypsum  board  panels  are 
nailed  to  these  furring  strips. 

Nails  for  use  with  drywall  materials  have 
a large,  fiat  head.  Panels  may  be  installed 
with  the  4'  dimension  running  vertically  or 
horizontally.  Pieces  of  panels  are  cut  to  fit 
the  surface  they  are  used  to  cover.  Openings 
are  cut  in  the  panels  for  doors  and  windows. 

Joints  are  filled  with  a plasterlike  com- 
pound. Then  tape  is  pressed  into  the  filler. 


Fig,  61-6,  This  automatic,  drywall  screwdriver  is 

used  to  fasten  waliboard  to  either  metal 
or  wood  studs. 


Fig,  61-7,  Drywall  joints  are  filled  with  compound 
and  taped  to  provide  a smooth  finish, 
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Fig.  61-7.  After  this  dries,  one  or  two  more 
coats  of  filler  are  added  on  top  of  the  tape. 
The  whole  joint  is  then  sandpapered  to  make 
it  flush  (even)  with  the  surface  of  the 
gypsum  board.  When  drywall  is  installed  by 
a skilled  craftsman,  it  is  impossible  to  tell 
the  location  of  the  joints  after  painting. 

In  place  of  drywall,  panels  of  natural  or 
simulated  wood  are  often  used  as  wall  cover- 
ings, Fig.  61-8.  These  come  in  many  different 
patterns  and  colors.  Sometimes  the  panels 
are  given  a vinyl  (plastic)  coating.  They 
may  be  nailed  to  wooden  framing  or  to  fur- 
ring strips.  Sometimes  the  panels  are 
attached  by  adhesives  instead  of  nails. 

When  walls  are  to  be  plastered,  metal  or 
rock  lath  is  applied  first.  The  lath  is  in- 
stalled by  nailing  it  to  wood  or  steel  studs 
or  furring  strips.  Then  plaster  is  troweled 
or  sprayed  on  the  lath  in  several  coats.  The 
finish  coat  may  be  smooth  or  textured,  Fig. 
61-9. 

Sometimes  the  interior  surfaces  of  ma- 
sonry walls  are  left  without  any  finish.  This 
is  nearly  always  the  case  where  glass  block 
is  used.  Masonry  walls  in  most  warehouses 
and  some  factory  buildings  are  left  un- 
finished. Many  masonry  walls  are  simply 
painted  on  their  interior  surfaces. 

Tile  is  often  applied  to  walls  of  corridors, 
kitchens,  and  washrooms.  Tile  may  be  ce- 


Fig.  61-8.  Panels  of  simulated  wood  are  sometimes 
used  for  wall  surfaces. 


ramie,  plastic,  rubber,  glass  or  metal.  Square 
tiles  come  in  various  sizes  from  one  inch 
square  up  to  six  inches  square.  Other  tiles 
are  rectangular,  round,  or  oval.  Colors  or 
shapes  may  be  combined  in  many  patterns. 
Fig.  61-10. 

When  a wall  is  to  be  tiled,  a bed  of  tile 
mortar  or  adhesive  is  applied  over  a flat 
subsurface.  Tiles  are  set  (placed)  in  this 


Fig.  61-9.  This  man  is  mixing  plaster.  He  works  for 
the  subcontractor  who  has  contracted  to 
apply  plaster  to  the  wall  surfaces. 


Fig.  61-10.  The  design  formed  by  the  different  colored 
tiles  is  called  a mosaic. 


: O f Q 


Applying  Wall  Materials 


363 


bed  of  mortar  or  adhesive.  Large  tiles  are 
set  one  at  a time.  Small  tiles  are  set  in 
sheets,  stuck  onto  a flexible  backing  mate- 
rial. For  some  kinds  of  tile,  the  joints  be- 
tween tile.s  are  filled  with  grout  (a  mixture 
of  white  tile  cement,  fine  sand,  and  water). 
Other  tiles  fit  together  so  tightly  that  there 
is  no  joint  space  to  fill. 


Summary 

Interior  walls  consist  of  the  inside  sur- 
faces of  exterior  walls  and  of  partitions. 
Movable  or  fixed  partitions  break  up  the 
inside  of  a building  into  smaller  spaces. 
Many  different  materials  are  used  for  inte- 
rior walls.  The  various  materials  require 
many  different  methods  of  application.  Be- 
cause interior  wall  surfaces  are  exposed  to 
view,  they  should  be  designed  for  attractive- 
ness and  should  be  installed  with  special 
care. 


Terms  to  Know 

interior 

vertical 

plaster 

plasterer 

partition 

a.  fixed 

b.  movable 

c.  room  divider 


Think  About  It! 

1.  What  kinds  of  wall  materials,  have  been 
used  to  cover  the  interior  walls,  in  your 
bedroom?  Your  living  room?  Your  bath- 
room? Are  they  the  same  or  different? 
Why? 

2.  Is  there  a difference  between  the  interior 
walls  of  your  school  cliissrooms  and  those 
at  home?  If  so,  what  is  the  major 
difference? 


plasterboard 

flush 

simulated  wood 
vinyl  coating 
adhesive 
furring  strip 
tile 


Installing  Interior  Walls 
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Applying 
Ceiling  Materials 


This  lesson  is  about  ceilings,  which  are,  Usually  the  general  contractor  installs 
the  top  surfaces  of  rooms.  Ceilings  limit  the  ceilings  with  his  own  employees,  but  some- 
height  of  an  enclosed  space.  They  may  also  times  the  ceilings  are  subcontracted  to  a 


4.  Provide  fire  protection,  and 

5.  Add  beauty.  t * ir  n -r 

The  type  of  ceiling  used  depends  on  where  Installing  L-eilll 

it  is  to  be  installed  and  the  wishes  of  the  Construction 


Selecting  the  Ceiling 

Lath  and  plaster,  drywall,  and  tile  al 
have  advantages  and  disadvantages  as  ceil 
ing  materials.  A ceiling  of  lath  and  plastei 
has  better  fire  resistance  than  drywall,  ab 
sorbs  sound  better,  and  permits  severa 
different  kinds  of  finish  texture.  Fig.  62-1 
A lath  and  plaster  ceiling  is  usually  mor( 
expensive  than  drywall  and  must  be  com 
pletely  dry  before  paint  can  be  applied. 

La^  and  plaster  ceiling  is  widely  used  ii 
commercial  construction,  while  drywall,  be 
ing  cheaper  and  not  requiring  a drying  ou 


Who  Installs  Ceilings 

Ceiling  materials  are  generally  specified  by 

the  architect.  He  may  consult  with  engin-  Pig.  62-1.  Plastering  on  lath  is  the  oldest  and  most 


serve  to : 

1.  Hide  overhead  structural  framing  and 


utilities, 

2.  Control  temperature, 

3.  Control  sound. 


specialist,  usually  where  acoustical  (sound 
absorbing)  ceilings  are  specified.  Craftsmen 
who  work  on  ceilings  include  carpenters, 
plasterers,  iron-workers,  insulators,  paint- 
ers, and  ceiling  tile  workers. 


owner  and/or  the  architect. 


A common  type  of  overhead  construction 
is  flooring  supported  by  wooden  joists.  With 


period,  is  more  common  in  residential  worh 
Tiles  are  used  in  special  cases  if  lowering  th 
ceilings,  sound  deadening,  or  the  appearanc 
of  tile  is  important: 


eers  on  the  structural  framework  design. 


common  technique  of  installing  ceilings. 
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this  type  of  framing,  ceilings  may  be  of  three 
types : lath  and  plaster,  drywall,  and  tile. 

To  install  a lath  and  plaster  ceiling,  metal 
lath  is  nailed  to  the  underneath  parts  of  the 
joists.  (In  older  construction,  wooden  lath 
was  used  instead  of  metal.)  Then  plasterers, 
using  trowels,  apply  several  layers  or  coats 
of  plaster  over  the  lath.  The  final  coat  is  put 
on  to  give  a smooth  or  rough  finish,  as  de- 
sired. Sometimes  patterns  are  made  in  the 
finish. 

In  drywall  construction,  sheets  of  gypsum 
board  are  nailed  to  the  structural  members. 
Application  is  very  much  like  the  method  for 
sidewall  installation  of  a drywall  system. 

Standard  ceiling  tiles  are  9"  by  9"  or  12" 
by  12"  in  size.  They  may  be  acoustical 
(sound  absorbing)  or  nonacoustical.  There 
are  many  types  of  ceiling  tiles.  Choice  of  tile 
is  based  partly  on  the  finish  desired.  Tile 
materials  are  gypsum,  vegetable  and  min- 
eral fibers,  and  cork. 

Ceiling  tiles  can  be  attached  with  mastic 
(an  adhesive)  to  a smooth  subsurface  such 
as  drywall.  Usually  narrow  boards  called 
furring  strips  are  nailed  across  the  bottoms 
of  the  overhead  joists  (running  at  right 
angles  to  the  joists)  and  the  tiles  are  stapled 
or  clipped  to  the  furring  strips.  Fig.  62-2. 
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The  bottom  of  a plank  roof  deck  may  form 
the  interior  ceiling  of  a structure.  This  is 
quite  common  in  churches,  auditoriums,  and 
gymnasiums.  It  is  sometimes  used  even  in 
homes.  The  exposed  beams  or  rafters  often 
are  designed  to  add  to  the  beauty  of  the 
ceilings.  Technically,  because  everything  in 
these  ceilings  is  part  of  the  structural  frame- 
work, these  are  not  ceilings.  The  roofing  sys- 
tem is  dual-purpose.  Fig.  62-3.  It  forms  a 
roof  and  ceiling  all  at  once. 


Installing  Ceilings  Below  Steel  or 
Concrete  Flooring 

When  the  overhead  flooring  is  steel  or  slab 
concrete,  ceilings  may  be  of  three  types ; 

1.  The  exposed  underside  of  the  floor 
above  may  serve  as  the  ceiling. 

2.  Tile  or  other  materials  may  be  applied 
directly  to  the  underside  of  the  floor. 

3.  A suspended  ceiling  may  be  constructed. 
In  some  warehouses  and  factory  buildings, 

churches,  and  auditoriums,  the  underside  of 
a steel  or  concrete  floor  is  the  ceiling  for 
the  room  below.  Fig.  62-4.  In  reality,  there 
is  no  separate  ceiling.  Sometimes  the  under- 
side of  the  floor  is  untreated.  Sometimes  it 


Fig.  62-2.  This  man  is  stapling  acoustical  tile  to 
furring  strips. 


Fig.  62-3.  The  roofing  system  is  dual-purpose  when  it 
forms  the  roof  and  the  ceiling  with  the 
same  materials. 


366 


The  World  of  Conslruclion 


\ 

is  painted  or  a layer  of  soundproofing  ma- 
terial is  sprayed  on  the  surface. 

Tile  or  plaster  ceilings  may  be  applied 
directly  to  the  underside  of  the  floor  above. 
Tile  (acoustical  or  nonacoustical)  is  ce- 
mented to  the  underside  of  the  floor.  This 
system  is  easy  to  use  if  t!ie  underside  of  the 
flooring  is  flat,  as  in  flat  slab  concrete  con- 
struction. Another  method  is  to  attach  metal 
lath  to  the  bottom  of  the  floor  above  and 
cover  it  with  plaster. 


Fig.  62-4.  The  ceiling  of  this  library  is  the  underside 
of  the  concrete  roof  above. 


If  the  floor  above  serves  as  a ceiling,  or 
has  ceiling  materials  attached  directly  to  it, 
pipes,  ductwork,  and  wiring  may  be  exposed. 
These  utility  lines  are  ugly  and  many  owners 
want  them  covered. 

Also,  it  may  be  desirable  to  lower  tiis 
ceiling  height  to  reduce  the  space  which 
must  be  heated  and  cooled.  To  meet  these 
needs,  suspended  or  false  ceilings  are  in- 
stalled, Figs.  62-5  and  62-6.  Wire  hangers 
are  attached  to  the  overhead  construction, 
and  a grid  of  inverted-T  supports  is  fas- 
tened to  the  hangers.  After  the  grid  of 
supporting  runners  and  cross  ties  is  hung, 
the  lengths  of  the  hangers  are  adjusted  by 
turn  buckles  or  similar  means  until  the  grid 
is  l^Vel.  Then  ceiling  panels  of  acoustic 
material  are  placed  into  the  grid  openings. 

Often  translucent  glass  or  plastic  panels 
are  spaced  throughout  a suspended  ceiling  in 
a suitable  pattern.  Light  fixtures  may  be  in- 
stalled above  these  panels  to  provide  an 
attractive  system  of  concealed  lighting.  Fig. 
62-7.  In  another  type  of  suspended  ceiling, 
the  grid  of  runners  and  cross  ties  supports 
metal  lath  over  which  plaster  is  applied. 


Fig.  62-5.  Suspended  ceilings,  either  partial  or 
complete,  commonly  are  used  in  steel 
framed  buildings. 


Fig.  62-6.  This  worker  is  installing  a "false"  or 

suspended  ceiling  which  is  several  feet 
below  the  original  ceiling. 
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control  temperature,  (3)  control  sound,  and 
(4)  add  beauty.  Many  kinds  of  craftsmen 
apply  ceiling  materials,  and  the  materials 
range  from  marble  slabs  to  acoustical  tiles. 


Fig.  62-7.  The  entire  ceiling  in  this  office  building  is 
made  up  of  translucent  panels  which  are 
illuminated  by  concealed  lights. 

Summary 

Ceilings  limit  the  height  of  an  enclosed 
space.  They  may  also  serve  to:  (1)  conceal 
overhead  framing  and  utility  systems,  (2) 


Terms  to  Know 

advantages 

disadvantages 

lath 

plaster 

acoustical  tile 

consult 


mastic 

furring  strips 
suspended  or  false 
ceiling 
drywall 

translucent  panels 


Think  About  It! 

1.  Why  are  ceilings  installed  in  buildings? 

2.  Can  you  name  a room  or  a building  where 
the  ceiling  is  part  of  the  roofing  system? 


Applying  Ceiling  Materials 


Designers 

Contractors 

Craftsmen 


Applying  materials 
directly  to  framing 


- Suspended  ceilings 


Laying  combined 
floor  or  roof  ceilings 


Applying  ceilings  to 

undersides  of  floors 
or  roofs 


Applying  materials 
directly  to  framing 


Suspending  ceilings 
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Laying  combined 
fldonPR,  r.oof  ceilings 


Tile 


- Panels 


Glass 

Metal 

Plastic 

Wood 


Other 


This  reading  describes  how  the  lower 
surface  of  a room  is  covered  with  flooring. 
Flooring  materials  can  be  divided  into  seven 
groups : 

1.  Concrete, 

2.  Terrazzo  (a  mixture  of  cement,  sand, 
and  stone  chips), 

3.  Ceramic  tile  and  stone, 

4.  Wood, 

5.  Metal, 

6.  Resilient  (those  which  “give”  a little 
when  you  walk  on  them),  and 

7.  Carpeting. 

In  most  floors,  the  “finish”  layer  or  exposed 
material  is  installed  on  top  of  a subfloor. 
Fig.  63-1. 


Who  Installs  Floors 

The  architect  decides  on  the  flooring 
material  and  design  after  considering  how 
the  floor  will  be  used.  He  is  concerned  with 
both  the  subfloor  and  the  flnished  floor.  For 
instance,  if  heavy  machines  are  to  be  stored 
or  operated,  he  will  consider  the  loads  (the 
weight  of  the  machinery) . The  architect  may 
work  with  a structural  engineer  who  is 
trained  to  provide  for  such  loads.  They  work 
together  in  designing  the  floor  system  and 
the  framework  of  a building. 

The  architect  also  considers  foot  traffic 
because  some  floor  coverings  wear  out 
quickly  in  an  area  where  many  people  walk. 
Another  concern  might  be  soiling  and  stain- 
ing. For  example,  where  machines  require 
oiling,  some  oil  may  run  or  spill  onto  the 
floor.  Ease  and  economy  of  cleaning,  beauty, 
and  the  desires  of  the  owner  must  all  be 
considered.  An  interior  designer  may  help 


the  architect  in  selecting  floor  materials  to 
meet  all  the  requirements  of  a particular 
structure. 

The  general  contractor  may  either  install 
all  of  the  flooring  with  his  own  employees, 
or  he  may  subcontract  all  of  it  to  a specialist. 
However,  most  often  the  general  contractor 
installs  the  subfloor  and  subcontracts  the 
finish  floor  to  a flooring  subcontractor.  The 
subfloor  is  a part  of  the  framework  of  the 
structure.  Sometimes  there  is  an  interme- 
diate layer  between . the  subfloor  and  the 
finished  floor  surface.  The  intermediate  layer 
(called  underlayment)  is  usually  laid  by  the 
flooring  subcontractor’s  craftsmen. 

A great  many  types  of  craftsmen  are  em- 
ployed in  laying  finished  floors:  cement 
finishers,  carpenters,  terrazzo  workers,  tile 
setters,  ironworkers,  carpet  layers,  painters, 
and  specialists  who  do  one  type  of  work 
(such  as  laying  vinyl  tile) . Special  tools  and 


Fig.  63-1.  Some  floors  are  made  up  of  several 
layers. 
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a high  degree  of  skill  are  needed  for  in- 
stalling floor  coverings. 


Concrete  Floors 

Concrete  floors  have  either  a separate 
topping  or  a monolithic  topping.  (Monolithic 
means  one  piece  of  stone.)  A monolithic 
topping  is  constructed  by  spreading  a mix- 
ture of  sand  and  cement  on  top  of  a concrete 
slab  before  the  slab  hardens  or  “sets  up.” 
A separate  topping  is  another  layer  of  con- 
crete poured  on  top  of  a concrete  slab  after 
it  has  hardened,  Fig.  63-2. 

Concrete  floors  are  finished  first  with  a 
straightedge  (a  board  moved  back  and  forth 
to  make  the  concrete  level).  Then  a wood 
float  is  used  to  bring  water  and  cement  to 
the  surface.  This  gives  a rather  rough  fin- 
ish which  is  often  used  where  a nonskid 
surface  is  needed. 

To  get  a smoother  finish,  a steel  trowel  is 
used.  On  larger  areas,  the  power  float  and 
the  power  trowel  replace  the  wood  float  and 
the  steel  trowel  which  are  hand  tools.  Fig. 
63-3.  Often  a troweled  finish  is  painted. 

Sometimes  the  top  surface  of  the  concrete 
is  brushed  with  a stiff  broom  to  give  a rough 
or  nonskid  finish.  You  may  see  this  finish 
on  a concrete  road  or  sidewalk. 


Fig.  63-2.  One  kind  of  flooring  material  is  concrete. 
Here  a concrete  slab  floor  is  being 
constructed. 


Terrazzo  Floors 

A terrazzo  floor  is  very  much  like  a con- 
crete floor  with  a separate  topping,  except 
that  a large  quantity  of  stone  chips  are 
embedded  in  the  topping  and  the  surface  is 
ground  to  a high  polish.  Fig.  63-4.  Terrazzo 
can  be  laid  over  existing  concrete  or  over  a 
wood  subfloor.  A bed  of  sand  and  ordinary 
cement  mortar  is  applied  about  1V4"  thick. 
The  topping  layer  is  prepared  with  white  or 
colored  cement  and  chips  of  marble,  granite, 
or  plastic  ranging  in  size  from  a grain  of 
sugar  to  a dime.  The  topping  layer  is  to 
thick.  After  the  topping  sets  up,  it  is 
polished  by  grinding  {honing)  with  a power 
hone. 

Often  brass  or  aluminum  strips  are  placed 
in  terrazzo  to  prevent  cracking  from  tem- 
perature changes.  Terrazzo  will  take  heavy 
foot  traffic  with  little  wear  and  is  quite 
popular  in  hallways  of  large  buildings.  Be- 
cause it  is  easy  to  maintain,  it  is  being  used 
more  and  more,  even  in  homes. 


Fig.  63-3.  Here  a power  trowel  is.  used  to  smooth 
the  concrete  surface. 
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Ceramic  Tile  and  Stone  Floors 

Ceramic  tile  comes  in  many  standard 
sizes,  ranging  up  to  12"  by  12"  in  several 
standard  shapes.  Glazed  tile  is  used  in  bath- 
rooms for  sanitary  reasons.  The  surface 
glaze  seals  the  tile  against  water,  Fig.  63-6. 
Unglazed  tile  has  many  applications  where  a 
waterproof  surface  is  not  a requirement. 

Stone  for  flooring  is  often  of  random 
(irregular)  size  and  shape,  although  the 
thickness  is  usually  to  1".  Some  floors 
are  laid  with  square  or  oblong  stones  in  a 


Fig.  63-4.  A ‘srazzo  floor  is  good  looking  and  very 
durable.  It  is  made  up  of  several  layers  of 
material. 


Fig.  63-5.  Ceramic  tile  can  be  cemented  and  grouted 
to  form  a waterproof  surface. 


definite  pattern.  Slate  and  marble  are  com- 
monly used. 

Both  tile  and  stone  are  set  in  a bed  of 
mortar,  laid  over  the  subfloor.  The  joints  are 
filled  with  mortar.  Ceramic  tile  and  stone  are 
often  used  for  artistic  reasons  (to  make  a 
beautiful  floor) . However,  ceramic  tile  is  also 
used  in  commercial  or  industrial  construction 
because  of  its  superior  wearing  qualities, 
ease  of  cleaning,  and  resistance  to  oil  spilled 
on  the  floor. 

Wood  Floors 

There  are  three  common  types  of  wood 
floor : 

1.  Wood  block, 

2.  Random  length  tongue-and-groove,  and 

3.  Parquet  flooring. 

Wood  blocks  are  about  the  size  of  bricks. 
They  are  often  used  in  factories  because  they 
absorb  water  and  oil,  because  they  are  poor 
conductors  of  electricity,  and  because  they 
are  easy  to  patch  if  damaged.  The  block  is 
usually  set  in  an  asphalt  mastic  which  also 
forms  the  joints.  Fig.  63-6. 

Random  length  tongue-and-groove  flooring 
is  generally  of  hardwood  (oak  or  maple). 


Fig.  63-6.  Mastic  is  being  spread  with  a toothed* 

trowel  on  insulation  board  in  preparation 
for  laying  hardwood  block  flooring. 
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but  sometimes  softwood  such  as  pine  is  used. 
It  is  laid  over  a subfloor  of  plywood  or  soft- 
wood boards.  Subflooring  is  used,  whether 
the  floor  is  laid  .over  joists  or  over  a con- 
crete slab.  Most  of  this  kind  of  finish  flooring 
comes  21/4"  wide  and  in  random  (assorted) 
lengths.  The  floor  is  sanded  after  it  is  laid. 
Some  protective  finish  is  applied  after  the 
sanding. 

Hardwood  tiles  {parquet  flooring)  are 
manufactured  from  short  lengths  of  wood. 
They  are  either  nailed  or  cemented  to  the 
subfloor,  often  in  elaborate  patterns.  These 
tiles  commonly  have  tongue- a nd-groove 
edges. 

Metal  Flooring 

The  use  of  metal  flooring  is  largely  re- 
stricted to  factories,  industrial  plants,  fire 
e.scapes,  and  stair  treads.  Fig.  63-7.  It  is 
used  because  of  its  strength  and  fire- 
resistant  qualities.  Steel  is  the  most  com- 
monly used  material,  although  aluminum  is 
sometimes  used.  Metal  flooring  may  be  solid 
with  raised  ridges  to  make  it  less  slippery. 
Often  it  is  in  the  form  of  an  open  grid  or 
grating. 

Resilient  Flooring 

Resilient  flooring  is  elastic  like  a rubber 
ball.  When  your  shoe  strikes  it,  it  “gives”  a 
little  bit,  but  when  the  shoe  is  removed,  it 
resumes  its  original  shape.  This  makes  it 
more  comfortable  to  walk  on  than  a hard 
floor  like  concrete. 

Resilient  flooring  for  permanent  installa- 
tion is  sold  in  two  forms : rolls  and  tiles.  Fig. 
63-8.  Several  materials  are  suitable.  Vinyl 
plastic,  both  alone  and  in  combination  with 
asbestos  fibers,  is  widely  used  for  kitchens 
and  bathrooms.  Asphalt,  cork,  silicones,  mel- 
amine, and  rubber  also  are  among  the  in- 
gredients of  various  resilient  flooring 
products. 

For  many  years  flooring  cut  from  rolls  of 
linoleum  was  the  only  high  quality  resilient 


flooring  sold  that  was  entirely  suitable  for 
kitchens,  bathrooms,  or  other  areas  where 
liquids  spill  onto  the  floor.  Linoleum  is  a mix- 
ture of  ground  cork  and  linseed  oil  bonded 
to  a canvas  or  burlap  backing.  It  resists 
stains,  is  easy  to  clean,  and  las^:s  a long 
time.  It  has  been  manufactured  in  a great 
variety  of  colors  and  patterns.  Similar  floor- 
ing made  from  quite  different  materials  is 
often  called  “linoleum”,  especially  in  the  roll 
form. 


Fig.  63-7.  The  use  of  metal  flooring  usually  is 
restricted  to  industrial  plants  and  fire 
escapes. 


Fig.  63-8.  Resilient  flooring  often  comes  in  the  form 
of  tiles.  This  type  of  flooring  also  is 
available  in  rolls. 
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Roll  flooring  comes  in  a variety  of  widths 
up  to  12'.  It  is  typically  to  thick. 
When  it  is  carefully  installed,  joints  are  al- 
most invisible  and  any  pattern  appears  to  be 
continuous. 

Tiles  are  usually  square  and  come  in  6", 
9",  and  12"  squares.  Tiles  of  two  or  three 
blending  colors  are  often  selected  for  use 
together. 

Flooring  of  vinyl,  or  vinyl  combined  with 
asbestos  fibers,  comes  in  roll  and  tile  forms. 
It  is  flexible,  strong,  and  very  resistant  to 
grease  and  other  stains. 

Asphalt  flooring  is  a combination  of  as- 
bestos fibers  and  certain  petroleum  products. 
Asphalt  tile  is  somewhat  cheaper  than  vinyl 
tile,  but  not  so  resistant  to  grease.  Some 
roll  flooring  is  made  of  asphalt-saturated 
felt,  bonded  to  a thin  surface  layer  of  vinyl. 

Rubber  and  cork  flooring  are  somewhat 
more  resilient  (springier)  than  other  types 
and  also  absorb  noise  more  effectively.  Rub- 
ber is  used  for  tiles,  stair  treads,  hall  run- 
ners, and  for  heavy  mats  in  areas  where 
people  stand  at  their  work. 

Most  kinds  of  resilient  flooring  can  be  laid 
over  either  concrete  or  wood,  but  the  sub- 
floor surface  must  be  smooth.  Rough  floor- 
boards or  concrete  often  are  covered  with 
plywood  to  provide  a smooth  surface.  For 
some  installations,  a layer  of  felt  paper  is 
used  under  the  resilient  flooring.  Tiles  are 
usually  laid  with  a mastic  or  adhesive.  Mas- 
tic is  used  also  for  installing  most  roll 
flooring. 

In  laying  a tile  floor,  the  craftsman  usually 
starts  at  the  center  of  the  room  and  works 
toward  the  walls.  Fig.  63-9.  Along  each  wall 
the  tiles  must  be  cut  to  fit  such  things  as 
door  openings,  registers,  and  exposed  pipes. 
Roll  flooring  also  must  be  cut  to  fit  around 
all  the  walls.  Special  skills  are  involved,  and 
the  craftsmen  use  specialized  tools  for  cut- 
ting and  fitting. 

Some  resilient  flooring  materials  can  be 
used  above,  on,  or  below  grade.  Some  are 
not  suitable  for  below  grade  (basement)  in- 
stallation. Cost,  beauty,  durability,  ease  of 
cleaning,  and  resistance  to  spilled  liquids  all 


must  be  considered  in  selecting  resilient 
floors. 


Carpeting 


Carpeting  is  made  from  natural  fibers 
(mostly  cotton  and  wool)  and  from  several 
man-made  materials  including  acrylic,  nylon, 
and  rayon.  It  comes  in  rolls  of  many  standard 
widths  up  to  18'.  Carpeting  is  installed  over 
a padding  rriade  of  fiber,  animal  hair,  or 
rubber.  It  comes  in  hundreds  of  styles, 
colors,  weaves,  and  textures.  Fig.  63-10. 


Fig.  63-9.  Tiles  are  usually  laid  from  the  center 
toward  the  outside  of  the  room. 


Fig.  63-10.  Carpeting  provides  o luxurious  floor 
covering. 
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Carpeting  was  once  restricted  to  those  areas 
of  homes  where  water  and  other  liquids  were 
not  likely  to  be  spilled.  Now,  however, 
stain-resistant  carpeting  is  available  for  use 
in  bathrooms  and  kitchens  and  even  'out- 
doors. 

Carpet  padding  may  be  attached  with  an 
adhesive  to  the  concrete  or  wood  subfloor. 
It  also  may  be  tacked  in  place  by  staples 
or  carpet  tacks.  Then  the  carpet  is  stretched 
on  top  of  the  padding  and  held  in  place  by 
fasteners  (called  tackless  strips)  around  the 
edges. 


Summary 

Floor  coverings  may  be  concrete,  terrazzo, 
tile  or  stone,  wood,  metal,  resilient  flooring, 
or  carpeting.  Materials  for  floors  are  selected 
to  fit  the  activities  which  will  be  carried  out. 
Floor  coverings  usually  are  installed  over  a 
concrete  or  wood  subfloor.  A great  deal  of 
skill  and  care  are  required  in  installing  floor 
coverings. 


Terms  to  Know 

subfloor 
finished  floor 
terrazzo 
ceramic  tile 
resilient  flooring 
monolithic 
straightedge 
wood  float 


steel  trowel 

honing 

random 

sanded 

linoleum 

durability 

resistant 

tackless  strips 


Think  About  It! 


1.  What  material  is  used  to  cover  the  floor 
in  your  industrial  arts  laboratory?  Is  it 
the  same  or  different  than  the  flooring 
material  in  rooms  in  your  home?  If  dif- 
ferent, why? 

2.  In  your  local  telephone  directory,  check 
to  see  how  many  companies  specialize  in 
applying  flooring  materials. 
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So  far  we  have  completed  the  basic  con- 
struction work.  In  the  case  of  a building, 
this  might  mean  that  the  foundations  and 
frameworks  are  complete,  that  the  roof  is 
on,  that  the  exterior  and  interior  walls  are 
in  place,  and  that  ceilings  and  floors  have 
been  installed.  This  reading  describes  the 
steps  taken  to  finish  the  project  (those 
things  which  need  to  be  done  so  that  the 
owner  may  occupy  or  use  the  structure) . 

Finish  work  can  be  divided  into  four 
parts : 

1.  Trimming, 

2.  Painting  and  decorating, 

3.  Installing  accessories,  and 

4.  Cleaning  up. 

Trimming  includes  the  coverings  around 
window  and  door  openings,  cabinet  work. 


Fig.  64-1.  Finish  work  includes  painting.  Here  o 
coating  is  being  applied  to  a masonry 
floor. 


Finishing  the 
Project 


and  moldings.  Where  wood  is  used,  the  gen- 
eral term  often  applied  is  milhuork,  because 
most  trim  has  been  made  at  a factory  or 
mill.  Trimming  or  finish  carpentry  is  cov- 
ered in  more  detail  later  in  this  reading. 

Painting  and  decorating  are  done  to  pro- 
vide a protective  covering  and  to  present  a 
pleasing  appearance.  Fig.  64-1.  This  work  is 
presented  in  detail  in  the  next  reading. 

Installing  accessories  includes  hanging 
and  connecting  plumbing  and  electrical  fix- 
tures, hardware,  and  ornamental  ironwork. 
Fig.  64-2.  This  also  is  covered  in  a later 
reading. 

Cleanup  relates  to  the  final  clearing  away 
of  the  dirt  and  debris  resulting  from  con- 
struction so  that  the  structure  may  be  oc- 
cupied or  used.  There  is  no  separate  reading 


Fig.  64-2  Electrical  Fixtures  In  this  hydroelectric 
power  plant  control  room  are  being 
installed  by  electricians. 
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on  cleanup.  It  generally  consists  of  gather- 
ing, burning,  loading,  washing,  polishing, 
and  other  necessary  but  unskilled  work. 

Structures  other  than  buildings  also  re- 
quire finishing  operations.  For  instance,  on 
a stretch  of  highway,  (1)  a guard  rail  and 
signs  must  be  installed,  (2)  bridges  must  be 
painted,  (3)  electric  lighting  fixtures  must 
be  installed  and  hooked  up,  and  (4)  the 
pavement  must  be  painted  with  stripes. 
Fig.  64-3. 

All  of  the  above  completi.va  activities  re- 
late to  the  structure.  Fig.  6-4-4.  Completion 
of  the  site,  which  is  usually  the  last  opera- 
tion in  constructing  a project,  also  is  covered 
in  detail  in  a later  reading. 


When  the  Finish  Work  is  Done 

The  order  in  which  the  finish  work  is  done 
depends  upon  (1)  the  type  of  building,  (2) 
the  finishes  chosen,  (3)  the  availability  of 
subcontractors  and  craftsmen  at  a particu- 
lar time,  and  (4)  how  the  general  contrac- 
tor wishes  to  schedule  his  work.  Thus  the 
sequence  (order)  of  operations  is  not  a set 
pattern.  Also,  several  operations  may  be  go- 


Fig.  64<3.  Finishing  this  highway  proiect  includes 
painting  lines  on  the  pavement,  erecting 
signs,  and  Installing  reflective  markers. 


ing  on  at  once.  On  a typical  wood  frame 
residence,  the  contractor’s  superintendent 
may  decide  to  “trim  out’’  (apply  trimming 
and  do  cabinet  work)  first,  then  to  paint  the 
walls  and  ceilings,  then  to  hang  and  connect 
the  fixtures,  then  to  sand  and  finish  the 
floors,  and  finally  to  clean  up  the  house  so 
that  it  is  ready  for  occupancy.  On  a high 
rise  building,  the  finish  work  is  usually  done 
one  floor  at  a time. 


Who  Does  the  Finish  Work 

The  architect  indicates  on  the  plans  and 
specifications  the  type  of  finish  work  desired. 
He  may  be  helped  by  an  interior  designer. 
On  matters  of  color  and  patterns,  the  owner 
usually  will  be  consulted. 

While  a contractor  may  do  finish  work 
himself,  nearly  all  of  it  (except  the  clean- 
up) is  usually  subcontracted.  In  this  con- 
nection, let  us  see  for  a moment  how  a 
subcontractor  operates  by  considering  a 
washbasin.  Before  the  wall  materials  are  in- 
stalled, the  plumbing  subcontractor  “roughs 


Fig.  64-4.  Some  finish  work  is  much  more  complex 

ond  involved  than  others.  How  many  kinds 
of  finish  work  con  you  find  in  this  picture? 
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in”  or  installs  the  plumbing  system  right  up 
to  where  the  washbasin  goes.  This  means 
that  he  brings  in  the  hot  and  cold  water 
lines  and  the  drain  pipe.  He  also  installs  the 
hangers  which  will  support  the  fixture. 
Then  the  plumbing  subcontractor  leaves  the 
job.  He  will  work  elsewhere  while  the  ex- 
terior and  interior  walls,  floors,  and  ceilings 
are  being  put  in,  the  trim  is  installed,  and 
painting  is  done.  Then  the  plumber  comes, 
back  to  the  job  to  hang  and  connect  the 
washbasin. 

Various  tradesmen  do  the  finish  work. 
Some  of  them,  like  painters,  may  be  coming 
for  the  first  time.  Others,  such  as  carpen- 
ters, plumbers,  electricians,  and  sheet  metal 
workers,  may  be  returning  to  the  site  to  do 
the  finish  work  several  days  or  weeks  after 
“roughing  in.”  Other  craftsmen  who  may  be 
involved  are  ironworkers,  welders,  masons, 
tile  and  terrazzo  workers,  paperhangers, 
and  plasterers.  Finish  work  requires  a high 
degree  of  care  and  skill.  The  craftsmanship 
of  the  finisher  is  what  is  seen  most  in  the 
structure. 


Trimming 

Trimming  is  finish  carpentry  done  to  (1) 
enclose  window  and  door  frames,  (2)  cover 
joints  between  walls  and  floors  or  ceilings, 
and  (3)  build  stairs  and  install  cabinetwork 
(built-in  shelves,  cabinets,  and  counters). 

This  reading  will  concern  wood  trim,  but 
trim  is  often  made  of  many  other  materials, 
principally  metals  and  masonry.  These  other 
materials  involve  different  methods  and  dif- 
ferent craftsmen. 

Inside  door  frames  include  the  parts 
shown  in  Fig.  64-5.  These  include  the  door 
jamb  (the  top  and  sides),  the  door  stop 
which  keeps  the  door  from  swinging  through 
the  opening,  and  the  casing.  (See  Fig.  64-6.) 
If  the  casing  is  offset  so  that  part  of  the 
jamb  shows,  the  exposed  part  is  called  the 
reveal.  Door  hinges  are  called  butts,  while 
the  cuts  in  the  door  which  receive  the  butts 
are  called  gains. 


After  the  door  frame  is  installed,  the  car- 
penter hangs  and  fits  the  door.  He  installs 
both  the  hinges  and  the  door  “set”  (the  fix- 
ture which  includes  the  door  knobs,  the  latch, 
and  lock).  If  there  is  to  be  one,  he  then  in- 
stalls the  threshold  (door  sill)  and  the 
weather  stripping. 


Fiq.  64-5.  This  is  illustration  of  the  trim  on  a door 
frome. 


Fig.  64-6.  Which  part  of  tho  door  frome  is  this  man 
sanding? 
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Windows  are  framed  somewhat  as  are 
doors.  Instead  of  a threshold,  a window  has 
bottom  parts  called  a stool,  apron,  and  a 
sill.  Window  sashes  are  of  many  types  and 
materials.  Double  hung,  awning,  jalousie, 
and  casement  windows  are  names  of  some  of 
the  common  types.  Glass  is  usually  placed  in 
sashes  at  the  factory,  though  sometimes  it 
is  installed  on  the  job. 

Stair  treads  are  supported  by  a cutout 
support  or  stringer.  Often  stairs  are  prefab- 
ricated (made  up  in  a factory  before  reach- 
ing the  job). 

The  joints  between  walls  and  ceiling  may 
be  covered  by  some  kind  of  molding.  Some- 
times, if  both  the  wall  and  ceiling  are  plas- 
terboard, the  joint  is  merely  filled,  taped, 
and  sanded. 

To  prevent  scuff  marks  around  the  bottom 
of  interior  walls,  most  rooms  have  a base- 
board (base)  and  a quarter  round  (shoe). 
Fig.  64-7.  In  this  and  other  trim,  there  are 
various  cuts  used  to  fit  an  adjoining  surface: 

1.  Square  joints  which  are  cut  off  at  right 
angles  to  the  long  axis  of  the  piece  of 
trim, 

2.  Mitered  joints  which  are  cut  at  an 
angle  (usually  45  degrees)  with  the 
long  axis,  and 

3.  Coped  joints. 


Ftg.  64-7.  Is  this  carpenter  instolling  the  "base"  or 
the  "shoe?" 


Cabinets  may  be  prefabricated  or  built  on 
the  job.  Wall  cabinets  are  hung  by  fasten- 
ing the  cabinets  to  the  studs.  Cabinet  doors 
are  then  carefully  fitted.  Counters  in  kitchens 
and  bathrooms  are  covered  with  waterproof 
and  stain-resistant  materials  such  as  ce- 
ramic tile  or  a hard  plastic  like  Formica. 


Clean  Up 

After  craftsmen  have  completed  their 
work,  a crew  (usually  of  laborers  headed 
by  a foreman)  cleans  up  the  debris  from 
the  various  finish  operations  and  prepares 
the  structure  for  occupancy  and  use.  Fig. 
64-8.  Sometimes  the  crew  cleans  one  room 
at  a time,  while  other  operations  are  in 
progress  elsewhere. 


Summary 

Finish  work  is  necessary  to  prepare  a 
structure  for  occupancy  or  use.  This  work 


Fig.  64-8.  After  the  craftsmen  hove  completed  their 
work,  the  site  must  be  cleoned  up.  In  large 
construction  jobs  this  con  be  a sizable 
project. 
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may  include  trimming  and  cabinet  work, 
painting,  installing  fixtures,  and  cleaning 
up.  As  finish  work  will  be  visible,  it  must  be 
done  skillfully  and  carefully. 


Terms  to  Know 

trimming 
millwork 
accessories 
debris 
“trim  out” 


interior  designer  jalousie 

door  frame  casement 

door  jamb  prefabricated 


Think  About  It! 

1.  Select  a room  in  your  home  or  your 
school.  List  several  tasks  that  had  to  be 
done  to  finish  out  the  construction. 

2.  Give  two  examples  of  finishing  practices 
that  must  be  used  before  a superhighway 
can  be  opened  to  traffic. 


door  stop 
casing 

threshold  (sill) 
weather  stripping 
awning 


Finishing  The  Project 


Designers 

Contractors 

Craftsmen 
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Painting  and 
Decorating 


This  reading  concerns  that  part  of  finish- 
ing known  as  “painting  and  decorating.” 
These  two  operations  may  serve  one  or  more 
of  the  following  purposes : 

1.  To  protect  part  of  the  structure, 

2.  To  make  part  of  the  structure  easy  to 
clean  and  maintain, 

3.  To  present  a pleasing  appearance,  or 

4.  To  provide  safety  or  informational 
markings.  See  Fig.  65-1. 

While  this  reading  will  chiefly  concern 
buildings,  other  structures  also  need  paint- 
ing and  decorating.  For  example,  the  lane 
markings  on  highways  (Fig.  65-2),  steel 
bridges,  and  the  gates  of  dams  must  be 
painted. 


Fig.  65-1.  How  many  of  the  four  purposes  for  which 
painting  and  decorating  are  done  does 
this  exterior  wall  finish  serve? 


Both  the  exterior  and  the  interior  of  a 
structure  may  be  painted.  Exterior  painting 
may  begin  as  soon  as  a structure  is  com- 
pletely enclosed.  Interior  painting  usually 
awaits  completion  of  walls  and  trim.  Floor 
finishing  is  generally  one  of  the  very  last 
operations. 


Who  Does  Painting  and  Decorating 

The  architect  or  engineer  designing  the 
structure  decides  on  the  type  of  paint  and 
decoration.  He  is  often  helped  by  an  interior 
designer  or  a representative  of  a paint 
manufacturer.  Owners  usually  Jire  consulted 
as  to  colors  and  patterns  desired.  There  are 
so  many  kinds  of  paint,  each  with  certain 
characteristics,  that  writing  specifications 
for  painting  is  extremely  difficult.  For  in- 
stance, a vinyl  (plastic)  paint  has  been 


Fig.  65-Z  Painting  is  not  limited  to  buildings.  The 
lines  painted  on  the  highways  provide 
safety  or  informational  markings. 
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developed  which  will  last  for  50  years  and 
will  withstand  (1)  temperatures  from  minus 
50  degrees  to  plus  150  degrees,  (2)  alternate 
wetting  and  drying,  (3)  the  corrosive  effect 
of  chemicals  in  water,  and  (4)  some  abrasion 
(being  rubbed  against  or  scratched).  This 
paint  is  extremely  expensive  and  not  attrac- 
tive. It  would  not  be  used  on  a building  but 
is  excellent  for  coating  the  gate  of  a lock  on 
a river  or  canal. 

In  selecting  paint,  some  of  the  things 
which  must  be  considered  are: 

1.  Durability  (how  long  it  will  last), 

2.  Ck)st  of  application, 

3.  Decorative  effect, 

4.  Resistance  to  abrasion,  particularly  in 
the  case  of  floor  coatings, 

6.  Fire  resistance, 

6.  Resistance  to  air  pollutants, 

7.  Extent  of  prior  preparation  of  surface, 
and 

8.  Waterproofing  characteristics. 

Greneral  contractors  may  do  painting  and 

decorating  work  with  their  own  employees 
or  they  may  subcontract  the  work  to  special- 
ists, Fig.  65-3.  Craftsmen  include  painters, 
paperhangers,  cement  finishers,  floor  finish- 


Fig. 65-3.  Pointing  is  often  subcontracted  to 
specialists. 


ers,  waterproofing  specialists,  laborers,  and 
sometimes  artists. 


Types  of  Paint 

Choosing  the  right  paint  is  important.  On 
the  average,  when  seven  dollars  is  spent  on 
painting,  five  dollars  goes  for  labor,  one  dol- 
lar goes  for  ladders,  brushes,  putty,  caulk- 
ing material,  and  other  supplies,  and  only 
one  dollar  goes  for  the  paint  itself.  Thus  a 
high  quality  paint  is  the  best  buy.  It  adds 
little  to  the  total  cost.  To  find  out  which 
paint  to  use  and  how  to  use  it,  ask  an  ex- 
perienced painter  or  a paint  dealer. 

Paint  itself  is  a mixture  of  a vehicle  and 
a pigment.  The  vehicle  is  a liquid.  It  may  be 
an  oil  such  as  linseed  oil,  or  water,  or  a rub- 
ber or  petroleum  derivative  The  pigment  is 
a solid  (for  example,  zinc  white  or  titanium 
dioxide)  which  is  ground  into  a very  fine 
powder.  Pigment  gives  body  and  color  to  the 
paint.  The  pigment  is  suspended  (spread 
evenly)  throughout  the  vehicle.  After  it  is 
spread,  the  vehicle  dries  and  forms  a hard, 
tough  film  which  holds  the  pigment  in  place. 


Fig.  65-4.  Some  paints  are  water  soluble  which 

mokes  it  possible  to  clean  o paintbrush  in 
water. 
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Paints  are  often  classified  by  the  type  of 
vehicle: 

1.  Oil  base  paints, 

2.  Water  base  paints,  Fig.  66-4,  including 
latex  (sometimes  called  “rubber  base”) , 

3.  Polyvinyl  acetates, 

4.  Alkyds,  and 

5.  Asphaltic  base  paints. 

Paints  can  be  made  mildew-resistant.  They 
can  also  be  made  to  chalk.  (Part  of  the  sur- 
face turns  gradually  to  a chalky  substance 
which  rubs  off  to  help  keep  the  surface 
clean.)  Some  enamel  paints  have  a high 
gloss.  Flat  paints  are  just  the  opposite.  Their 
surface  is  dull  or  n on-reflective. 

Some  paints  are  more  or  less  all-purpose 
and  can  be  applied  over  wood,  metal,  plas- 
terboard, or  masonry.  There  are  special 
kinds  of  paints  for  floors,  for  masonry,  for 
exposure  to  saltwater  spray,  and  for  metals. 
Some  paints,  like  those  with  an  asphaltic 
base,  are  good  for  waterproofing.  Some 
paints  are  made  especially  for  surfaces 
which  have  never  been  painted.  Others  are 
for  areas  that  have  already  been  painted. 

Some  paint  must  be  thinned  to  make  it 
easy  to  apply  and  to  make  it  dry  quickly. 
Thinners  include  turpentine,  mineral  spirits, 
and  water,  depending  on  the  vehicle  of  the 
paint.  There  are  special  thinners  for  some 
paints.  Some  thinners  cause  the  paint  to 
stick  to  a surface  better  than  the  paint  alone 
would  adhere. 

Besides  thinners,  many  other  substances 
may  be  added  to  paint  to  give  it  certain 
characteristics.  Some  of  these  will  make  the 
paint  penetrate  the  surface  much  deeper  or 
provide  a better  seal  over  the  area.  Other 
things,  like  flne  sand,  will  give  the  paint  a 
rougher,  textured  surface. 


Other  Coatin^rs 

Varnish  is  a solution  of  linseed  oil  and 
resins  (soluble  wood  or  plastic  products). 
It  provides  a hard,  clear  surface,  quite  re- 
sistant to  water.  Spar  varnish  provides 
a waterproof  surface.  Shellac  is  a clear. 
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quick  drying  mixture  with  alcohol  as  a ve- 
hicle and  a resin  as  a pigment. 

Stains  are  oil  base  or  water  base  liquids 
which  give  a slightly  tinted  (colored)  ap- 
pearance to  wood  without  hiding  the  grain. 
Putty  is  a mixture  of  chalk  and  linseed 
oil.  It  has  the  consistency  of  taffy  or  caramel 
and  hardens  when  exposed  to  air.  Today, 
traditional  putty  is  often  replaced  by  a plas- 
tic material.  Both  can  be  used  to  All  holes  or 
cracks.  Caulking,  formerly  done  with  putty, 
is  now  done  with  a plastic  caulking  com- 
pound. A caulking  gun,  which  is  very  similar 
to  a grease  gun,  dispenses  the  compound. 


How  Paint  Is  Applied 

The  first  step  in  applying  paint  is  to  pre- 
pare the  surface.  It  is  made  clean  and  dry, 
and  treatments  (such  as  shellac  on  knots  in 
wood)  are  applied. 

Paint  itself  may  be  applied  by  brush,  by 
roller,  or  by  spray.  A brush  is  used  for  ir- 
regular areas  and  where  careful,  fine  work 
is  needed.  Paint  is  usually  applied  by  brush 
to  exterior  trim.  Rollers  are  used  on  latge. 


Fig.  65-5.  Paint  is  often  applied  to  large  areas  by 
roller  and  smaller  areas  by  brush. 
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flat  areas,  as  on  interior  walls  and  ceilings. 
Latex  paints  are  especially  easy  to  apply  by 
roller,  Fig.  66-6.  Spray  painting  is  economi- 
cal because  it  can  be  done  quickly,  but  it  re- 
quires special  equipment,  Fig.  66-6.  Spray 
painting  is  not  good  for  fine,  close  work  be- 
cause the  paint  may  get  on  another  area 
which  is  not  to  be  painted. 

Paint  may  be  applied  in  one  coat  or  sev- 
eral. Each  coat  or  layer  must  dry  completely 
before  the  next  is  applied.  A primary  coat 
or  undercoat  often  is  applied  first.  Then  one 
or  hvo  finish  coats  are  applied. 

Painters  used  to  mix  their  own  paint,  but 
today  most  paints  are  mixed  at  the  factory. 
The  painter  merely  stirs  the  paint  and  thins 
it  as  needed.  Even  the  stirring  process  is 
partly  performed  by  the  paint  dealer  who 
places  the  paint  can  in  a shaking  machine. 
Painters  often  “tint”  paints,  which  means 
mixing  in  coloring  to  get  exactly  the  color 
they  want. 

Structural  steel  members  are  usually 
scrubbed  with  a wire  brush  to  remove  rust. 
Then  they  are  given  a coat  of  paint  at  the 
shop.  After  the  steel  is  erected,  the  shop 
coat,  some  of  which  has  been  damaged  dur- 
ing erection,  is  covered  with  one  or  move  field 
coats.  The  last  field  coat  is  often  an  uil  base, 
aluminum-pigmented  paint  which  gives  the 
steel  a silvery  appearance. 


Wooden  floors  are  sanded,  usually  by  ma- 
chine. Then  nail  holes  and  joints  are  filled 
with  a filler.  Frequently  a stain  is  applied 
next,  followed  by  varnish.  As  many  as  four 
coats  of  varnish  may  be  applied,  after  which 
the  floors  are  waxed  and  polished  by  a power 
polisher. 


Decorating 

The  most  common  form  of  decorating  is 
with  strip  or  sheet  materials.  Wallpaper  is 
widely  used.  Fig.  66-7.  Some  wallpapers  con- 
sist of  printed  paper  sheets  which  come  in 
rolls.  Others  are  rolls  of  fabric  with  a paper 
or  plastic  surface. 

Originally,  wallpaper  was  applied  to  the 
wall  with  a flour  and  water  paste.  Today 
better  adhesives  are  used.  Some  adhesives 
are  even  placed  on  the  wallpaper  at  the  fac- 
tory. On  the  job,  the  sheets  only  need  to  be 
moistened. 

Some  buildings  contain  expensive  and  or- 
nate decorations  prepared  by  artists.  Among 
these  are  murals  (large  pictures  painted  di- 
rectly on  a wall  or  ceiling  with  oil  base 
paint)  and  frescos  (a  painting  created  on  a 
wet  plaster  wall  with  water-color  paint). 


Fig.  65-7.  Wallpaper  is  used  as  a wall  covering  in 
this  house. 
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Finishing  Masonry  and  Concrete 

Masonry  such  as  stone,  unglazed  clay  tile, 
concrete  block,  or  brick,  is  usually  cleaned 
with  a mixture  of  water  and  muriatic  acid 
(a  chemical) . Also,  any  excess  mortar  is  re- 
moved. 

Concrete  walls  are  patched  with  grout 
whenever  there  are  holes  remaining  from 
form  ties  or  where  there  is  any  honeycomb 
(the  minor  exposure  of  aggregate) . Any  ex- 
cess concrete  which  has  oozed  out  of  a joint 
in  the  forms  is  chipped  off.  Other  treatment 
given  concrete  may  consist  of: 

1.  Rubbing  the  surface  with  a stone, 

2.  Applying  muriatic  acid,  or 

3.  Applying  a very  thin  layer  of  grout  to 
hide  holes  or  to  give  a smooth  appear- 
ance, Fig.  65-8. 


Fig.  65-8.  Concrete  Is  often  cleaned  with  acid  and 
sealed  with  grout  to  cover  any  holes. 


Painting  And  Decorating 
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Summary 

Painting  and  decorating  provide  a pro- 
tective coating,  easy  maintenance,  a pleas- 
ant appearance,  and  may  provide  safety  or 
information.  The  selection  of  the  type  of 
paint  and  its  method  of  application  should 
be  referred  to  an  expert.  Painting  and  dec- 
orating should  be  carefully  planned.  They 
should  also  be  done  by  skilled  craftsmen,  for 
they  cover  most  of  the  interior  and  at  least 
part  of  the  exterior  of  many  structures. 


vehicle 

pigment 

enamel  paint 

flat  paint 

thinner 

resins 

varnish 

spar  varnish 

shellac 

stains 


Think  About  It! 


field  coat 

primary  coat 

sanded 

wallpaper 

murals 

frescos 

expert 

appearance 

honeycomb 


Terms  to  Know 


durability 
decorative 
abrasion 
air  pollutants 


putty 
caulking 
water  soluble 
shop  coat 


1.  Do  the  specifications  for  paint  used  to  line 
highways  differ  from  the  specifications 
for  paint  used  on  your  walls  or  woodwork 
at  home?  If  so,  in  what  ways? 

2.  What  decorating  materials  can  you  iden- 
tify in  your  home? 


i 
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Installing 

Accessories 


This  reading  describes  the  installation  of 
accessories.  Accessories  include : 

1.  Plumbing  and  piping  fixtures  such  as 
washbasins  and  grilles  over  street 
drains ; 

2.  Electrical  fixtures  such  as  lights  and 
signs; 

3.  Heating,  cooling,  and  ventilating  fix- 
tures such  as  furnaces; 

4.  Communications  fixtures  such  as  tele- 
phones; 

5.  Ironwork  such  as  handrails  and  lad- 
ders; and 

6.  Hardware  such  as  mailboxes. 

Accessories,  more  commonly  called  fix- 
tures, are  things  which  are  permanently 
attached  to  structures.  A furnishing  is  some- 


Rg.  66*1.  Roods  and  bridges  hove  accessories.  Here 
lights,  fencing,  and  guard  rails  provide 
safety  for  motorists  and  pedestrians. 


thing  that  is  merely  moved  in  and  set  in 
place.  Some  accessories  may  be  considered 
as  either  fixtures  or  furnishings.  For  in- 
stance, large,  immovable  road  signs  are 
definitely  fixtures.  A movable  or  temporary 
road  sign  could  be  considered  a furnishing. 
See  Fig.  66-1.  In  the  case  of  a building, 
when  one  is  sold,  the  buyer  and  seller 
usually  decide  whai  they  will  consider  fix- 
tures (to  be  left  in  the  structure)  and  what 
will  be  furnishings  which  the  seller  may 
remove.  Fig.  66-2. 


^Vhen  Accessories  Are  Installed 

Generally  no  accessories  are  installed  in  a 
structure  (or  even  brought  to  the  site)  until 
the  structure  can  be  locked  or  guarded.  This 
is  to  prevent  theft  or  vandalism.  Many  fix- 
tures are  quite  expensive,  and  it  may  take 
a long  time  to  replace  them. 

Installing  most  fixtures  consists  of  two 
operations:  (1)  attaching  them  to  the  struc- 


Rg.  66-2.  Fixtures  are  left  in  a home  when  i'  is  sold, 
but  furnishings  ore  not. 
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ture  or  setting  them  in  place  on  their  own 
bases,  and  (2)  hooking  them  up  to  utility 
lines. 

As  you  will  recall,  the  main  utility  lines 
are  roughed  in  and  inspected  early  in  the 
production  work.  After  most  of  the  produc* 
tion  work  is  completed,  fixtures  may  be  in- 
stalled. The  various  craftsmen  who  install 
fixtures  return  to  the  site  for  this  work. 
Fig.  66*3. 

Sometimes  fixtures  must  be  hung  or  set 
before  some  of  the  main  structural  work  can 
be  completed.  For  example,  street  drains 
and  manholes  are  set  in  place  so  the  road* 
way  surface  will  be  level  with  and  tight 
against  them. 


^Vho  Installs  Accessories 

Accessories  are  selected  by  the  designer, 
builder,  or  owner  of  a structure.  Nearly 
always  the  desires  of  the  owner  are  deter- 


Fig. 66-3.  The  main  ulility  lines  for  these  lights  were 
roughed  in  eorly  in  ihe  production  work. 
The  light  Fixtures  ore  instolled  neor  the 
time  when  the  project  is  completed. 
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mined.  The  design  of  the  structure  is  often 
adjusted  to  support  accessories  of  heavy 
weight  or  to  provide  for  heavy  utility  loads 
(for  instance,  electric  power).  An  interior 
designer  is  often  consulted  in  selecting  ac- 
cessories for  buildings. 

Most  general  contractors  subcontract  the 
installation  of  accessories  to  a specialist 
(Fig.  66-4),  but  often  the  general  contractor 
uses  his  own  employees  to  place  ornamental 
iron  and  hardware. 

Craftsmen  who  install  fixtures  include 
carpenters,  plumbers,  steam  fitters,  electri- 
cians, sheet  metal  workers,  ironworkers, 
welders,  and  painters.  As  with  all  finish 
work,  a great  deal  of  skill  and  care  is  re- 
quired. Many  special  tools  are  used. 

Installing  Plumbing  Accessories 

In  light  (home)  construction,  plumbing 
accessories  either  are  hung  on  some  part  of 


Fig.  66-4.  The  instollolion  ond  odjustment  of  some 
occessoriesr  such  os  this  motor  generator, 
require  the  services  of  o field  engineer. 
Others  do  not. 
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the  structural  framework  or  are  set  on  the 
floor,  on  counters,  or  on  foundations  of  their 
own.  Plumbers  and  electricians  make  most 
of  the  connections.  Many  ffas  companies, 
however,  require  that  gas  connections  be 
made  by  their  own  employees,  and  all  gas 
companies  inspect  gas  connections  within  a 
structure.  Each  accessory  is  tried  and  tested 
for  proper  operation  and  the  absence  of 
leaks.  Fig.  66-6. 

In  highway  and  heavy  construction,  plumb- 
ers and  pipe  fitters  also  install  accessories. 
These  may  include  grates  and  cover  plates 
over  drains  on  bridges  and  highways,  acces- 
ses to  pipeline  valves  and  controls,  and 
similar  accessories  which  are  added  after 
the  main  structural  work  is  completed. 


Installitig  Heating,  Ventilating,  and 
Air  Conditioning  Systems 

Heating  and  air  conditioning  units  are 
hooked  up  to  ducts  by  sheet  metal  workers, 
to  electrical  cables  by  electricians,  and  to 
water  and  drain  pipes  (when  needed)  by 
plumbers. 

Registers  are  connected  to  the  ducts  in 
the  wall,  floor,  or  ceiling  through  roughly 
finished  holes.  Fig.  66*6.  The  metal  facing 


Fig.  66-5.  These  stainless  steel  steom  kettles  ore 

connected  to  plumbing  lines  which  were 
roughed  in  earlier. 
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of  the  register  overlaps  the  wall  surface  so 
that  the  rough  edges  of  the  hole  cannot  be 
seen.  Registers  are  attached  by  screws  and 
may  be  removed  easily. 

Vents  are  provided  beneath  the  gables  in 
attics,  under  soffits,  in  crawl  spaces  under 
buildings,  and  in  partitions.  Filters  are  put 
in  the  duct  system  to  remove  dust  from  the 
air. 

After  the  heating,  ventilating  and  air- 
conditioning  system  is  completed,  it  is  com- 
pletely adjusted  and  checked.  The  dampers 
and  thermostats  are  set.  Sometimes  this 
cannot  be  done  until  a change  of  season.  For 
example,  heating  systems  cannot  be  tested 
in  the  summer. 

Exhaust  fans  are  connected  to  vent  pipes, 
through  walls,  to  draw  out  or  "exhaust” 
steam,  smoke,  and  odors.  Exhaust  fans  also 
may  installed  to  draw  out  heat  and  bring 
in  fresh  air.  Timing  devices  are  often  put  in 
to  turn  fans  on  or  off  at  certain  times. 


Installing  Electrical  Accessories 

In  buildings,  lighting  fixtures  often  are  in- 
stalled over  outlet  boxes  which  were  put  in 


Fig.  66-6.  Registers  not  only  control  the  rote  and 
direction  of  conditioned  oir  into  o room, 
but  they  provide  a neat,  finished  job. 
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place  during  the  roughing  in  of  the  electrical 
lines.  Usually  the  outlet  box  includes  ma> 
chine  screws  for  attaching  a fixture,  but 
sometimes  extra  framework  is  built  to  sup- 
port the  fixture.  At  this  same  time,  other 
outlet  boxes  w’hich  are  not  covered  by  light 
fixtures  are  covered  with  plain  or  ornamen- 
tal covers  after  all  connections  have  been 
made  and  switches  and  outlets  have  been 
installed. 

Outdoor  lighting  often  involves  heavy 
fixtures  which  need  a crane  for  handling. 
Installing  these  accessories  may  mean  earth- 
moving,  concrete  work,  and  ironwork  as  well 
as  electrical  work.  Outdoor  accessories  and 
their  controls  and  connections  also  need  to 
be  weatherproof. 

Other  electrical  accessories  which  are  in- 
stalled include  built-in  appliances,  heating 
elements,  and  electrical  machinery,  Fig.  66-8. 
Some  buildings,  such  as  hospitals,  even  re- 
quire the  installation  of  extra  electric  power 
plants  which  can  operate  in  case  the  regular 
electric  power  S3rstem  fails. 


installing  Communications  Accessories 

Although  complete  communications  sys- 
tems can  be  installed  after  a structure 


Fig.  66-7.  The  electrical  contractor  hos  mony  types 
of  occessoires  to  choose  from. 


completed,  it  is  far  better  to  have  the  lines 
and  equipment  designed  and  roughed  in  along 
with  the  rest  of  the  work.  The  final  instal- 
lation of  the  accessories  consists  of  hanging 
or  placing  the  communications  devices  and 
hooking  them  up.  Fig.  66-9.  Again,  cover 
plates  are  installed  to  protect  all  connections 
and  controls. 


Fig.  66-8.  An  electrical  occessory,  o forge  transformer, 
is  being  installed  in  a steam  electric  plant. 


Fig.  66-9.  A telephone  is  a familior  type  of 
communication  accessory. 
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Installing  Ironwork 

Ironwork  accessories  consist  of  all  interior 
and  exterior  ironwork  which  is  not  part  of 
the  structural  frame.  Part  of  this  work  may 
be  called  ornamental  ironwork  (often  called 
miscellaneous  iron)  if  it  is  fancy  or  oma- 
mental.  It  includes  stair  and  balcony  rail* 
ings,  partitions,  gritiwork,  signs,  signals,  and 
walkways.  It  is  used  not  only  on  buildings. 


Rg.  66*10.  This  fnon  is  installing  ironwork. 


Rg.  66-11.  Hardware,  such  as  the  shower  doors, 

door  handles,  and  ‘owel  racks,  usually  is 
installed  last. 


but  also  on  other  structures  such  as  bridges 
(handrails and  ladders),  towers  (stairways), 
and  roads  (guard  rails).  Ornamental  iron* 
work  is  usually  installed  by  ironworkers  and 
welders.  See  Pig.  66*10. 


Installing  Hardware 

Door  and  window  hardware  is  usually  in* 
stalled  with  the  trim.  Fig.  66*11.  Also,  there 
are  other  items  of  hardware  and  miscellane* 
ous  equipment  to  be  installed:  mirrors, 
shower  and  toilet  partitions,  push  plates,  kick 
plates,  door  stops,  mailboxes  or  slots,  built- 
in  cabinetwork  (bookcases  and  medicine 
cabinets),  and  street  numbers. 


Installing  Accessories 
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Summary 

Among  the  last  operations  in  finishing  a 
building  are  the  installation  of  accessories, 
including  those  for  (1)  plumbing;  (2)  heat- 
ing, cooling,  and  ventilating;  (3)  electrical 
heat,  light,  and  power;  and  (4>  communi- 
cations. Along  with  these,  miscellaneous  iron 
and  hardware  are  installed.  Installation  con- 
sists of  attaching  the  accessories  to  the 
structure,  or  setting  them  in  place,  connect- 
ing the  necessary  utility  lines,  and  checking 
the  operation. 

Terms  to  Know 

accessories  registers 

fixtures  vents 


furnishings 

appliances 

installation 

residential 

ventilating 


dampers 
exhaust  fans 
sofllt 
outlet 

ornamental  ironwork 


Think  About  It  I 

1.  \Vhat  is  the  difference  between  a fixture 
and  a furnishing?  Can  you  locate  three  of 
each  in  the  room  in  which  you  are  now? 

2.  What  fixtures  or  accessories  would  need 
to  be  installed  on  a new  school  play- 
ground? A new  football  field  with  track 
and  field  facilities? 


i 
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Completing  the 

Site 


This  reading  covers  the  work  necessary 
to  complete  the  site.  This  might  be  called  the 
finish  work  outside  of  the  structure  itself. 
Finish  work  includes: 

1.  Providing  access  routes  such  as  drive- 
ways, roads,  and  sidewalks; 

2.  Building  exterior  features  such  as  pa- 
tios and  fences; 

3.  Sloping  and  finishing  the  earth; 


Fig.  67-1.  How  many  kinds  of  finish  work  con  you 
find  on  this  site? 


Fig,  67-Z  A subcontractor,  usually  o landscaping 
company,  moy  do  the  finish  grading  and 
landscape  work. 


4.  Planting  vegetation  such  as  trees, 
shrubs,  and  lawns ; and 

5.  Final  cleaning  up. 

These  operations  are  often  called  landscap- 
ing. See  Fig.  67-1. 

The  purposes  of  site  completion  are  to  in- 
crease the  usefulness  of  the  project  and  to 
improve  its  appearance.  Site  completion  is 
especially  important  in  the  construction  of 
highways  and  dams.  In  these  projects,  it  is 
often  said  that  “grass  is  a major  construc- 
tion material.” 


Who  Completes  the  Site 

The  site  work  outside  the  structure  is  de- 
signed by  the  architect-engineer.  Where  this 
work  is  extensive,  or  specialized,  the  de- 
signer may  consult  a landscape  architect,  an 
agricultural  engineer,  or  an  agronomist  (a 
specialist  in  the  production  of  crops,  to  in- 
clude grasses). 

Contractors  may  do  the  site  completion 
work  with  their  own  employees,  or  they  may 
subcontract  the  work  to  specialists,  In  the 
case  of  planting  trees,  shrubs,  and  grass,  a 
separate  subcontract  may  be  issued  to  a 
landscaping  company.  Fig.  67-2.  However,  if 
the  contractor  had  awarded  an  excavation 
subcontract  for  the  original  grading  of  the 
site,  the  finish  grading  would  also  be  in- 
cluded. 

Craftsmen  who  may  work  on  site  comple- 
tion include  nearly  all  trades.  Most  com- 
monly employed  are  carpenters,  cement 
finishers,  operating  engineers,  electricians, 
masons,  painters,  and  plumbers. 
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Constructing  Access 

If  an  access  road  or  a railroad  spur  is  to 
be  built,  it  usually  is  constructed  at  the  be- 
ginning of  the  project  so  that  materials  and 
people  can  get  to  the  site.  For  instance,  an 
access  road  will  be  graded,  and  temporary 
bridges  and  culverts  will  be  installed.  A 
minimum  surface  (usually  loose  gravel, 
sometimes  with  a thin  coat  of  asphalt)  will 
be  applied. 

After  the  structure  is  almost  completed, 
the  final  base  courses,  surfaces,  pavements, 
and  drainage  structures  (such  as  culverts) 
will  be  put  in  place  as  a part  of  site  comple- 
tion. Sidewalks,  walkways,  parking  lots,  and 
driveways  are  also  installed,  Fig.  67-3.  The 
processes  used  in  providing  access  are  simi- 
lar to  those  in  other  grading  and  paving 
operations. 


Building  and  Installing  Features 

Features  include  patios,  fences,  walls, 
benches,  pools,  statues,  plant  boxes,  and  ex- 
terior lights.  Fig.  67-4.  As  with  access  roads, 
sometimes  part  of  the  work  is  done  before 
the  structure  is  complete.  For  instance,  the 
cable  for  an  electric  outdoor  post  lantern 
would  be  installed  along  with  roughing  in 
the  electrical  work  in  the  structure.  This  ca- 
ble would  be  brought  to  the  spot  where  the 
lantern  is  to  go  and  stubbed  out  (left  stick- 
ing out  of  the  ground  with  the  end  taped) . 


F 

Fig.  67-3.  Sidewalks,  culverts,  and  driveways  are  a 
part  of  finish  work. 


This  early  placement  of  cable  eliminates 
the  need  to  drill  through  exterior  walls  and 
tear  up  sidewalks  and  lawns.  During  the  site 
completion,  the  lantern  post  is  set  in  con- 
crete, the  lantern  attached,  and  the  wiring 
hookup  completed.  In  other  cases,  a feature 
like  a bench  is  completely  installed  as  one 
of  the  last  outside  operations. 


Shaping  the  Surface 

In  most  projects,  the  rough  grading  is 
completed  as  part  of  preparing  the  site. 
Whenever  possible,  the  site  should  be  graded 
so  as  to  provide  temporary  drainage  during 
the  construction  of  the  structure.  This  re- 
duces the  damage  which  may  be  caused  by 
rainfall  during  the  progress  of  the  job.  Good 
drainage  also  makes  it  easy  for  workers  to 
get  back  to  work  quickly  after  work  has  been 
stopped  for  bad  weather. 

The  final  or  finish  grading  is  accomplished 
during  the  site  completion  phase.  Fig.  67-5. 
The  slopes  are  carefully  selected  and  sur- 
veyed. Too  steep  a slope  will  let  rainwater 
rush  down  too  fast  so  that  the  soil  will  wash 
away  (erode).  If  there  is  no  slope,  rain- 
water may  stand  in  puddles  until  the  soil 
soaks  it  up,  and  some  soil  quickly  becomes 
waterlogged.  The  slope  selected  for  a site  de- 


Fig.  67-4.  This  outdoor  garden  combines  a number  of 
features  including  d pond,  outdoor 
benches,  and  brick  patio.  Can  you  fir.a 
others? 
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pends  on  the  kind  of  soil,  the  amount  and 
frequency  of  rainfall,  and  the  type  of  soil 
cover  in  the  form  of  plants  or  pavement. 

Finish  grading  is  done  in  about  the  same 
way  as  the  other  earthmoving  you  have 
studied,  but  graders,  rollers,  and  light  duty 
or  small  hauling  equipment  (such  as  a front 
end  loader)  are  used  in  place  of  heavy,  high 
producti9n  equipment.  Stones  and  debris  are 
removed,  and  then  the  surface  is  graded  and 
rolled  to  give  the  earth  the  exact  shape  and 
the  firmness  desired. 

Drainage  structures  such  as  bridges,  cul- 
verts, and  manholes  are  sometimes  installed 
during  the  first  preparation  of  the  site.  On 
other  projects  drainage  structures  are  put 
in  during  the  completion  of  the  outside  work. 


Providing  Vegetation 

Providing  vegetation  for  a site  will  be  di- 
vided into  three  operations:  (1)  soil  prep- 
aration, (2)  planting  trees  and  shrubs,  and 
(3)  seeding  or  sodding  lawns  or  planting 
ground  cover.  After  the  fine  grading  is  com- 
pleted, the  top  surface  of  the  earth  may  or 
may  not  be  a type  of  soil  in  which  trees, 
shrubs,  and  grass  will  grow.  If  the  soil  is 
good  enough  to  grow  the  vegetation  required, 
fertilizer  is  spread.  Usually  light  plows, 
harrows,  or  similar  soil  “tillers”  are  used  to 
loosen  the  soil  and  mix  it  with  the  fertilizer. 

Often  a graded  surface  will  not  support 
plant  life.  Then  topsoil  is  needed.  Topsoil  is 
rich  in  organic  matter  and  readily  grows 


most  kinds  of  plants.  Sometimes  topsoil  is 
hauled  to  the  site,  but  it  is  quite  expensive 
and  sometimes  hard  to  find  for  large  projects. 

If  possible,  the  topsoil  which  covered  the 
site  in  its  original  state  is  carefully  removed 
at  the  start  of  the  excavation  and  rough 
grading.  It  is  placed  aside  in  “stockpiles” 
for  later  use  in  completing  the  site.  The  top- 
soil is  then  spread  and  mixed  with  fertilizer. 

Trees  and  shrubs  are  planted  first.  Usu- 
ally, when  they  are  delivered  to  the  site, 
there  is  a ball  of  earth  covered  with  a heavy, 
coarse  fabric  called  burlap  around  the  roots 
of  each  tree  or  shrub.  The  exact  spots  where 
the  trees  and  shrubs  are  to  go  are  marked 
with  stakes.  The  hole  that  is  dug  for  each 
plant  is  a little  larger  than  the  plant’s  ball 
of  earth.  It  is  deep  enough  so  that  when  the 
plant  goes  into  the  hole,  the  top  of  the  ball 
of  earth  is  level  with  the  ground  surface. 
See  Fig.  67-6. 

The  soil  removed  from  the  hole  may  be 
fertile  topsoil,  or  it  may  be  silt  or  heavy 
clay.  If  it  is  silt  or  clay,  it  should  be  taken 
away  and  replaced  with  topsoil.  If  it  is  good 
topsoil,  it  may  be  mixed  with  peat  moss  and 
sometimes  fertilizer.  Then  the  topsoil  is  put 
around  the  plant’s  ball  of  earth  in  the  hole. 
Adding  water  helps  the  topsoil  to  settle 
around  the  ball.  Water  also  is  needed  by  the 
living  plant  when  it  is  moved. 

Trees  must  be  staked  to  prevent  the  wind 
from  blowing  them  over.  Stakes  may  be  put 
at  three  equally  spaced  points  around  the 


Fig.  67-5.  Here  the  workman  is  fine  grading  the  earth 
to  make  a lawn. 


Fig.  67-6.  Here  a helicopter  is  used  to  plant  trees  on 
this  highway  beautification  project. 
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tree.  Then  wires  are  run  tightly  from  these 
stakes  up  to  the  trunk  of  the  tree.  A short 
piece  of  rubber  hose  is  used  to  protect  the 
trunk  of  the  tree  from  damage  by  the  wire. 
Tree  trunks  should  be  wrapped  so  that  the 
hot  sun  and  dry  winds  will  not  harm  the 
layer  of  cells  just  under  the  bark. 

Earth  which  is  not  covered  with  living 
plants  or  other  surfacing  washes  away 
(erodes).  Ground  cover  may  be  a formal 
lawn  around  buildings  or  coarse  vegetation 
along  dams  and  highways.  The  type  of 
ground  cover  is  chosen  to  fit  the  needs  for 
the  control  of  surface  water. 

There  are  three  methods  of  obtaining  a 
ground  cover  of  grass : sodding,  sprigging, 
and  seeding.  Sod  is  grass  specially  raised 
for  the  purpose.  It  includes  the  whole  root 
system  and  some  topsoil.  Sod  is  cut  in  strips 
and  laid  on  top  of  bare  ground,  giving  a 
complete,  ready-made  ground  cover.  Fig. 
66-7.  Sodding  is  quite  expensive.  Its  use  is 
limited  to  lawns  and  areas  where  erosion 
might  be  critical,  such  as  around  the  abut- 
ments (ends)  of  a bridge. 

Sprigging  is  done  with  sod.  The  sod  is 
broken  up  into  small  plugs  or  sprigs  of  grass 
which  are  planted  one  at  a time.  The  sprigs 
are  planted  6"  to  12"  apart  and  do  not  cover 
the  entire  ground  surface.  As  the  grass 
grows,  it  spreads  so  that  it  eventually  covers 
the  entire  surface.  Sprigging  is  usually 
somewhat  less  expensive  than  sodding. 

Seeding  means  planting  seed  (by  hand  or 
machine) , Figs.  66-8  and  66-9.  With  proper 
care  the  grass  seeds  sprout,  grow,  and 


Fig.  67-7.  One  technique  of  covering  the  ground  with 
grass  is  to  apply  sod. 


eventually  form  a ground  cover.  Seed  and 
young  grass  must  be  protected  from  the  di- 
rect sun  and  from  the  wind.  The  seed  may 
be  worked  into  the  ground  by  raking,  and  a 
mulch  (a  very  thin  layer  of  .straw  or  peat 
moss)  may  be  applied  for  protection. 

In  all  these  methods,  the  proper  applica- 
tion of  fertilizer  and  frequent  watering  are 
necessary  to  give  the  grass  a good  start. 

In  shady  locations  other  plants,  such  as 
ivy,  sometimes  make  a better  ground  cover 
than  grass.  Lawn  areas  that  are  hard  to 
reach  with  a mower  may  also  be  covered 
with  ivy  or  other  low  growing  plants.  This 
kind  of  ground  cover  is  begun  from  a proc- 
ess like  sprigging,  except  individual  plants 
are  set  out  in  a spaced  pattern.  These  plants 
spread  to  cover  the  total  area. 


Cleaning  Up 


The  last  phase  of  completing  the  site  is 
cleanup.  This  includes  removal  of  temporary 
structures  and  equipment,  collecting  and  dis- 


Fig.  67-8.  This  man  is  discing  the  compacted  soil  so 
seeds  can  be  planted. 


Fig.  67-9.  Lawn  seed  is  being  sown  by  machine  at 
this  school. 
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posing  of  trash  and  debris,  and  removal  of 
all  equipment  and  surplus  materials  from 
the  site. 


Summary 

Completing  the  site  consists  of  (1)  add- 
ing or  completing  access  routes;  (2)  build- 
ing features;  (3)  finishing  the  grading  of 
the  ground;  (4)  planting  trees,  shrubs,  and 
grass;  and  (5)  cleaning  up. 


agricultural  engineer 

seeding 

access  road 

fertilizer 

railroad  spur 

soil  tillers 

features 

topsoil 

stubbed  out 

stockpiles 

graded 

burlap 

drainage 

silt 

rough  grading 

peat  moss 

finish  grading 

mulch 

erode 

Think  About  It! 

Terms  to  Know 


landscaping 
finish  work 
agronomist 
landscape  architect 


culverts 

vegetation 

sodding 

sprigging 


1.  On  a piece  of  notebook  paper,  make  a 
drawing  (plan  view)  of  your  home  or 
school  site.  Locate  and  label  accesses,  ex- 
terior features  such  as  patios  and  fences, 
plantings  such  as  trees  or  bushes,  and 
other  objects  or  features  that  were  placed 
there  when  the  site  was  completed. 


Driveways 

and 

parking  lots 


-Fences 


Marine 

’docking 

-Rail  siding 

Pedestrian 

walks 


.Landing  sites  -Lighting 
-Patios 
-Planters 
-Swimming  pools 
-Walls 
-Others 


-Fine  grading 
-Rolling 
Stone  removal 


-Preparing  soil 
-Planting 
-Seeding 
-Protecting 


Removing 

-temporary 

structures 

_ Removing 
equipment 

Collecting  and 
“disposing  of 
debris 

Removing 

surplus 

materials 


Clearing 


Earthmoving 


Foundations 


^Superstructures; 


Utilities 


Finished  Project 
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After  all  the  work  is  done  at  the  job  site, 
the  project  is  transferred  from  the  contrac- 
tor to  the  owner.  This  reading  describes  how 
the  owner  takes  over  (accepts)  the  project 
from  the  contractor,  and  how  the  owner’s 
contracts  with  the  architect-engineer  and 
with  the  general  contractor  are  completed. 

You  win  recall  that  there  are  many  differ- 
ent ways  of  designing  and  building  a project 
and  many  different  types  of  construction 
contracts.  In  today’s  reading,  we  shall  con- 
sider that  the  owner  has  a fixed  price  con- 
tract with  an  architect-engineer  to  desip 
the  project.  A general  contractor  will  build 
it. 

The  transfer  of  the  project  will  be  dis- 
cussed under  four  headings;  (1)  inspection, 
(2)  releases,  (3)  warranties,  and  (4)  final 
payment 


Inspection 

At  the  time  construction  is  completed,  the 
project  is  inspected  very  closely.  Fig.  68-1. 
The  inspectors  include  representatives  of 
the  contractor,  of  ttxe  architect-engineer, 
and  sometimes  of  the  owner.  The  inspectors 
look  at  every  part  of  the  job  in  detail  to  see 
that  the  work  has  been  done  according  to 
the  construction  contract  (including  the 
plans  and  specifications).  All  mechanical 
and  electrical  equipment  is  tested  to  see  that 
it  operates  properly. 

The  inspectors  make  up  a list  of  defects 
called  a pMWc/i  list.  Most  defects  are  very 
small  (a  smudge  on  a wall).  Some  defects 
may  be  major  (unevenness  in  a highway). 
There  may  be  only  a few  items  on  a punch 
list,  or  none.  On  a large  project,  there  may 
be  several  hundred. 


Transferring  the 
Project 

As  soon  as  the  punch  list  is  put  together, 
the  contractor  begins  correcting  the  defects. 
He  may  use  his  own  employees,  or  he  may 
call  a subcontractor  back  to  the  job  if  the 
defect  is  the  fault  of  the  subcontractor. 

After  the  contractor  corrects  the  defects 
on  the  punch  list  to  the  satisfaction  of  the 
architect-engineer  and  the  owner,  no  more 
work  remains  to  be  done  on  the  job  itself. 
Figs.  68-2  and  68-3.  However,  there  is  still  a 
certain  amount  of  paper  work  (papers  to 
be  exchanged  between  the  contractor  and 
the  owner)  before  the  owner  accepts  the  job 
and  makes  final  payment.  The  sections  which 
follow  tell  about  this  paper  work. 


Releases 

As  you  know,  the  word  release  means  let 
go  of.  (If  you  hold  a pencil  above  your  desk 


Fig.  68-1.  When  the  project  is  completed,  an 
inspection  is  made.  For  example,  this 
device  is  used  by  inspectors  to  test  the 
smoothness  of  completed  highways. 
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and  release  it,  you  let  go  of  it.)  A contractor 
sometimes  has  a claim  on  a construction  con- 
tract. He  releases  or  lets  go  of  it  after  it  is 
settled. 

First,  let’s  see  what  a claim  on  a construc- 
tion contract  is.  A contractor  might  find 
that  the  soil  beneath  the  structure  contains 
more  rock  than  was  shown  on  the  plans.  As 
rock  is  more  expensive  to  excavate  than  or- 
dinary earth,  the  contractor  believes  he  is 
entitled  to  more  money  for  cutting  out  the 
rock  than  was  agreed  upon  in  the  original 
contract.  The  contractor  then  presents  a 
claim  (a  request  for  the  extra  money)  to 
the  owner  through  the  architect-engineer.  If 
this  claim  has  not  yet  been  settled  when  all’ 
the  work  on  the  project  is  done,  the  claim  is 
said  to  be  outstanding  at  the  end  of  the  job. 

If  there  are  outstanding  claims  at  the  end 
of  the  job,  the  contractor  and  the  architect- 
engineer  attempt  to  settle  (reach  an  agree- 
ment on)  these  claims  as  soon  as  possible.  If 
no  agreement  can  be  reached,  the  contractor, 
architect-engineer,  and  owner  then  decide 
how  the  claim  is  to  be  settled  (arbitration, 
legal  action),  Fig.  68-4. 


Fig.  68-2.  Any  defects  in  the  construction,  such  as  the 
holes  in  the  face  of  this  concrete,  are 
placed  on  a punch  list  and  are  corrected 
by  the  contractor. 


After  the  claims  are  settled,  the  contrac- 
tor signs  what  is  known  as  a release  of 
claims  in  which  he  lets  go  of  all  claims  he 
may  have  against  the  owner.  This  means 
that  the  contractor  may  not  present  any  new 
claims  and  that  he  is  satisfied  with  all  set- 
tlements of  old  claims. 


Fig.  68-3.  This  inspector  is  checking  corrective  work 
that  was  done  by  the  contractor. 


Fig.  68-4.  Settlement  of  a claim  may  require  legal 
and  court  action. 
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AFFroAVIT  FOR  MECHANICS'  LIEN 
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Hw  State  «l  Franklin  

Robert  Q,  jack.  Attorney  at  Law.  for  A B C Builder.  Supply  CorporaUon 
o/Col\imbus,  Ohio  43215  , uAo##  addrwi  I#  0*  Ea.tGay  Street 

being  fint  duly  >uxwti.  eaye  that  he  fwnUhtd  cerUdn*  material. 
in  and  for*  con.tnictlng  a certain*  house 

situated  on  the  land  hereinafter  described,  in  pursuance  of  a certain  contract,  wUh 

Robert  Flath  dba  Flath  HomebuUder.,  42  Ea.t  Gay  Street,  Columbu.,  Ohio, 

contractor  , 

whose  addrM  iu  42  East  Gay  Street.  Columbua.  Ohio  43215. 

The  Iflif  of  such  * material.  'looi  * ftirnl.hcd 

10th  day  of  October  Jp  00  and  there  is  justly  and  truly  due 

depart  therefor  from  the  arid  Robert  Flath  dba  Flath  HomebuUder. 

' over  and  above  aU  legal  eetoffs  ti^e  sum  of 
Twelve  Hundred  Eighty  DoOors/ for  tvhich  amount  deponent 

daims  a lien  on  said \snd  and  building.  . of  which  Sleepy  Hollow  Land  Company. 

100  E.  Broad  Street,  Columbu.,  Ohio  43^15  and  John  P,  Doe,  208  Sleepy  Hollow 
Lane,"  Columbus,  Ohio  44442  are owner. 

iMlcA  pfcml»M  Of.  dwcrtbfd  i» 

. Situated  In  the  SUte  of  Ohio,  County  of  Franldln,  and  Toamahlp  of 
Athens,  and  further' described  a.  foUows:  , ‘ 

" Being  Lot  Numbered  83  of  Blackacre  Estates  No.  1 as  the  same  is 
, , ' numbered  and. delineated  upon  the  recorded. plat  thereof,:  of . record  In 
: ' plat  Book  37, ; pages  2 through  10,  Inclusive;  Recorder's  Office, 
'■;Vv.Fianklln^County,’ OW^^ 

y Grantor  JbbtalMd  tiUe  , li)  Deed  Boc^  205 Page  179,  . 

\/  ;V  Pre^ses.’also  ^bwn'as*208  Slce^^^^^^^  Lane;  Colxm^us,  OMo  44442.; 


The  other  type  of  release  is  a release  of 
lien.  Let  us  first  see  what  a lien  is.  If  a 
craftsman,  supplier  of  materials,  contractor, 
or  subcontractor  has  not  been  paid  for 
materials  provided  or  services  rendered,  he 
may  obtain  from  a court  a lien  against  the 
property  of  the  owner.  This  means  that  the 
owner’s  property  becomes  the  security  for 
the  amount  of  money  due. 

As  an  example  of  a lien,  a paving  sub- 
contractor surfaced  a large  parking  lot  for 
a motel.  The  owner  of  the  motel  did  not  pay 
the  general  contractor  for  the  parking  lot. 


Likewise  the  general  contractor  did  not  pay 
the  paving  subcontractor.  The  subcontractor 
then  got,  from  a local  court  of  law,  a lien 
against  the  whole  motel  property.  If  the  sub- 
contractor is  not  paid,  he  can  have  the  motel 
property  sold  and  can  collect  the  amount  due 
him  out  of  the  money  from  the  sale. 

In  actual  practice,  such  a forced  sale  of 
the  property  rarely  happens.  The  owner  and 
the  general  contractor  usually  agree  to  pay 
the  subcontractor. 

At  the  end  of  the  job,  the  owner  normally 
requires  the  general  contractor  to  provide  a 
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complete  release  of  lien  on  behalf  of  the  con- 
tractor himself,  his  subcontractors,  sup- 
pliers, and  craftsmen.  This  release  of  lien 
assures  the  owner  that  his  property  is  not 
the  security  for  any  debt  and  that  the  gen- 
eral contractor  has  paid  all  the  people  who 
have  worked  on  the  job  or  supplied. materials 
for  it. 


Warranties 

A warranty  is  a promise  that  a certain 
item  will  be  free  from  defects  in  materials 
or  workmanship  for  a specified  period.  In 
construction,  there  are  two  types  of  warran- 
ties; those  provided  by  the  contractor  and 
those  provided  by  suppliers. 
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Most  construction  contracts  provide  that 
the  contractor  shall,  for  one  year,  fix  any  de- 
fects due  to  faulty  workmanship.  If  the 
paint  on  the  house  starts  to  peel  after  nine 
months,  it  is  the  contractor’s  obligation  to 
come  back  and  make  the  necessary  repairs. 
Many  contractors  prize  their  reputations  so 
highly  that  they  will  voluntarily  correct 
trouble  which  may  develop  long  after  the 
one-year  period  has  ended  at  no  expense  to 
the  owner. 

Suppliers  often  warrant  their  products 
for  periods  of  one  year  or  longer.  For  exam- 
ple, manufacturers  of  air  conditioning  equip- 
ment may  warrant  the  compressor  unit  for 
5 years. 

At  the  time  the  construction  work  is  com- 
pleted, the  contractor  hands  over  to  the 
owner  the  warranty  certificates  of  the  sup- 
pliers. The  contractor  also  gives  the  owner 
all  the  necessary  manuals  and  operating  in- 
structions for  installed  equipment  such  as 
water  heaters,  stoves,  dishwashers,  and  air 
conditioners.  Fig.  68-5. 
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Fig.  68-5.  These  are  the  warranty  and  operating 
instructions  for  a circulating  fan. 


Fig.  68-6.  The  contract  is  considered  closed  when  the 
final  payment  is  made. 
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Final  Payment 

After  all  defects  on  the  job  have  been 
corrected,  and  after  the  contractor  presents 
the  owner  with  releases  of  claims  and  liens 
and  with  warranties  and  operating  manuals, 
the  owner  formally  accepts  the  project.  He 
then  pays  the  contractor  all  amounts  due 
under  the  contract,  Fig.  68-6.  At  this  time, 
the  contract  is  considered  as  closed  (ended). 
The  owner  takes  over  all  responsibility  for 
the  project,  and  the  contractor  is  released  of 
all  responsibility,  except  as  may  be  provided 
for  in  the  warranty.  The  contract  between 
the  owner  and  the  architect-engineer  is 
closed  in  a similar  manner. 


the  owner.  This  involves  inspecting  and  cor- 
recting defects,  release  of  claims  and  liens, 
providing  warranties,  and  final  payment. 


Terms  to  Know 


transferring 
inspection 
release  of  claims 
claim 

outstanding 


settle 

lien 

warranty 
closed  contract 


Think  About  It! 


Summary 

At  the  completion  of  construction,  the 
project  is  transferred  from  the  contractor  to 


1.  When  is  a project  closed?  What  does  this 
mean  to  the  contractor?  To  the  owner? 

2.  What  would  be  some  examples  of  punch 
list  items  for  a new  highway?  A new 
house  ? 


Servicing  Property 


You  have  read  about  the  processing  of 
materials  to  construct  a project.  After  the 
project  is  completed,  processing  does  not 
stop.  Certain  activities  must  be  carried  on 
so  that  the  project  can  serve  the  use  for 
which  it  was  built.  We  call  these  activities 
servicing  or  postprocessing.  (Post-  means 
after.)  This  reading  concerns  servicing, 
which  consists  of  five  activities  : 

1.  Operating, 

2.  Maintaining, 

3.  Repairing, 

4.  Altering,  and 

5.  Installing. 

As  examples,  suppose  that  a new  school 
has  just  been  completed.  Operating  person- 
nel might  include  a man  to  operate  the  heat- 


ing plant  and  a watchman  to  guard  the 
property.  Maintenance  people  would  include 
a custodian  to  sweep  the  floor  and  dispose  of 
refuse  and  a painter  to  repaint  the  rooms 
when  they  need  it.  Fig.  69-1.  A repairman 
might  be  a glazier  who  replaces  broken 
windows  or  an  electrician  who  fixes  lights 
that  do  not  work.  A carpenter  might  per- 
form an  alteration  job  of  adding  an  extra 
partition  in  one  of  the  rooms.  An  electrician 
is  installing  when  he  puts  a new  public 
address  system  in  a school  building. 

Servicing  is  not  a minor  item.  The  money 
spent  in  America  for  operating,  maintaining, 
repairing,  altering,  and  installing  amounts 
to  about  one-half  the  cost  of  all  new  con- 
struction. See  Fig.  69-2. 


Fig.  69-1.  In  a school,  maintenance  people  are 

needed  to  do  many  things  which  keep  the 
facility  operational.  This  includes  such 
things  as  changing  light  tubes. 


Fig.  69-2.  Half  as  much  money  is  spent  for  servicing 
construction  as  is  spent  for  all  new 
construction. 
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Who  Does  the  Servicing 

The  owner  has  the  responsibility  for  all 
servicing.  Sometimes  the  owner  does  all  his 
housekeeping,  maintenance,  repair,  altera- 
tion, and  installation  himself.  Sometimes  the 
ov/ner  hires  one  or  more  employees  to  do  the 
work.  For  example,  the  owner  of  a house 
might  hire  a painter  for  two  days  to  re- 
decorate a room. 

Often,  these  employees  are  hired  on  a 
permanent  rather  than  a temporary  basis, 
as  when  a city  hires  operators  for  a sewage 
disposal  plant.  See  Fig.  69-3.  Often  the 
owner  hires  (contracts  with)  a company. 
For  instance,  the  owner  of  a house  may  hire 
a plumbing  contractor  to  open  a clogged 
drain  or  repair  a leaky  faucet.  Many  in- 
dustrial firms  contract  with  a protective 
agency  to  police  their  plants  or  with  a 
maintenance  service  to  provide  char  (house- 
keeping) services  such  as  sweeping  and 
polishing  floors  and  cleaning  windows. 

Changes  are  sometimes  so  major  that 
they  are  designed  by  architects  and  engi- 
neers and  are  constructed  by  general 
contractors  who  may  use  several  sub- 
contractors. Some  changes  and  installations 
cost  more  than  the  original  structure. 

The  knowledge,  skills,  and  materials  in- 
volved in  most  postprocessing  are  the  same 
as  those  required  for  the  original  construc- 
tion. Workers  from  every  trade  or  craft  are 
employed  in  servicing.  There  are  also  other 
service  workers  in  construction  whose  con- 
struction knowledge  is  limited.  Among  these 
are  guards,  highway  patrolmen,  janitors, 
lockmen  on  navigation  locks,  and  elevator 
operators. 

Operating 

Operating  a project  involves  two  things: 
keeping  the  equipment  running  properly 
and  protecting  the  project.  Mechanical  and 
electrical  equipment  may  represent  as  much 
as  half  the  cost  of  a structure.  Most  of  this 
equipment  may  have  automatic  controls  so 
that  the  operator  need  not  be  present  at  all 


times.  However,  an  operator  or  technician 
must  make  certain  checks  of  the  equipment 
at  stated  periods:  daily,  weekly,  or  monthly. 
Some  facilities  require  24-hour  operators. 
An  example  is  a central  heating  plant  for 
a large  hospital  or  skyscraper.  Another 
might  be  a lock  on  a river  where  there  is 
continuous  boat  traffic. 

Large  and  expensive  properties  need 
security  protection,  not  only  to  prevent  theft 


Fig.  69-3.  Operators  are  required  to  keep  this  power 
and  water  system  operating  smoothly. 


Fig.  69-4.  Painting  must  be  done  regularly  to 
maintain  surfoces. 


Servicing  Property 


407 


and  vandalism  but  also  to  sound  the  alarm 
in  case  of  fire  or  take  action  in  case  of  a 
breakdown  of  equipment.  Modern  protec- 
tive devices,  such  as  automatic  fire  and 
burglar-alarm  systems  and  closed-circuit 
television,  have  lowered  the  number  of 
watchmen  and  guards  needed,  but  there  is 
still  a need  for  someone  to  be  present  in 
many  cases.  Some  projects,  such  as  high- 
ways and  harbors,  require  constant  police 
patrols. 


Maintaining 

Maintaining  is  taking  care  of  property. 
Maintenance  may  be  divided  into  those 
things  which  must  be  done  regularly  (house- 
keeping) and  those  which  may  be  done  at 
stated  periods  (changing  filters  on  a ducted 
heating  or  cooling  system).  In  a house,  we 
usually  call  vacuuming  and  mopping  floors, 
dusting,  and  trash  removal  housekeeping. 
In  commercial  and  industrial  buildings,  they 
are  known  as  char  services. 

Often  there  is  a regular  schedule  of 
periodic  maintenance,  such  as  changing 
filters  every  two  months,  painting  interiors 
every  four  years,  mowing  the  grass  every 
two  weeks,  or  sandblasting  the  exterior 
masonry  walls  every  25  years.  Some  main- 
tenance, such  as  changing  light  bulbs  in  an 


Fi^.  69*5.  Highway  maintenance,  such  as  mowing 
grass,  keeps  highways  safer  and  more 
attractive. 


industrial  building,  is  done  on  a “spot” 
basis,  whenever  the  need  arises.  See  Figs. 
69-4  and  69-5. 


Repairing 

Repairing  is  fixing.  As  time  passes,  most 
structures  are  damaged  or  begin  to  show 
wear  and  tear.  There  are  many  reasons  for 
this.  Conditions  outside  the  structure,  such 
as  weather  extremes  or  air  pollution,  may 
cause  damage.  Bad  choice  and  treatment  of 
materials  or  poor  workmanship  during  con- 
struction may  put  faults  in  the  structure 
which  must  be  corrected  years  later.  Over- 
loading, improper  use,  or  neglect  of  a struc- 
ture may  also  damage  it.  Finally,  the 
natural  deterioration  of  some  materials  with 
aging  may  be  severe  enough  so  that  work 
must  be  done  on  the  structure.  Repairs 
done  when  needed  prolong  the  life  of  a 
structure  and  increase  its  value  and 
efficiency. 

Repairs  make  use  of  some  of  the  prac- 
tices you  read  about  in  constructing  build- 
ings. Of  course  repairs  are  done  on  a smaller 
scale.  The  whole  structure  is  not  built  again. 
For  example,  a hole  in  a wall  may  be  re- 
paired or  a section  of  a road  may  be  torn 
out  and  replaced.  See  Fig.  69-6. 


Fig.  69*6,  Roads  need  to  be  repaired  by  resurfacing 
w when  they  wear  out. 
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Repairs  may  be  quite  minor,  such  as  re- 
placing a broken  window,  Fig.  69-7.  Some- 
times they  are  major  and  cost  a great  deal 
of  money.  As  examples,  the  lead  roof  of  a 
large,  75-year-old  church  had  to  be  repaired 
and  given  a coat  of  plastic  treatment.  This 
cost  $200,000.  Also,  masonry  units  on  the 
limestone  facing  of  a 44-story  office  building 
were  falling  into  the  street.  The  entire  ex- 
terior masonry  had  to  be  inspected  and 
repointed  (the  mortar  joints  repaired  and 
some  of  them  replaced). 

Another  type  of  repair  is  the  replacement 
of  equipment.  For  instance,  the  water  heater 
in  a home  might  begin  to  leak  after  10 
years.  The  old  heater  must  be  taken  out  and 
a new  one  installed.  Sometimes  only  one 
part  of  a piece  of  equipment  needs  to  be 
replaced,  such  as  a switch  on  a built-in  oven. 


Altering 

Altering  {remodeling)  means  changing 
the  structural  form  of  a project.  Alterations 
usually  involve  adding  or  removing  some 
basic  part  of  the  structure.  The  usual  reason 
for  making  alterations  is  to  change  the 
project  for  new  needs.  A two-lane  highway, 


Fig.  69-7.  Unlike  resurfacing  o highway,  some  repairs 
are  minor.  Just  th  jme,  if  they  are  not 
made  promptly,  much  additional  repair 
may  be  needed. 


for  example,  may  be  widened  into  four  lanes 
to  carry  more  traffic. 

When  a structure  is  altered,  it  may  be 
made  larger  or  smaller  in  size.  If  an  owner 
wished  to  make  his  warehouse  larger,  he 
could  do  several  things.  He  might  move  a 
wall  to  widen  or  lengthen  a space.  He  could 
also  add  another  story  or  n.ake  the  base- 
ment larger. 

The  practices  for  altering  a structure  are 
similar  to  those  used  in  building  it.  Hovv- 
ever,  where  the  load  bearing  framework  is 
to  be  changed,  it  often  is  necessary  to  carry 
the  load  on  different  temporary  and  perma- 
nent supports.  For  instance,  where  a load 
bearing  wall  is  removed,  it  must  be  replaced 
either  by  a column  or  by  a heavier  beam 
above.  For  this  reason  remodeling  tends  to 
be  quite  expensive,  both  to  design  and  to 
construct.  In  one  case  a 100'  section  of  the 
wall  of  an  old  church  was  moved  outward 
about  15'  at  a cost  of  over  a million  dollars. 

Unit  costs  for  alterations  tend  to  be  quite 
high.  A house  was  built  for  $12  per  square 
foot.  A room  added  twc  years  later  cost  $33 
per  square  foot.  Fig.  69-8. 

Installing 

Installing  usually  involves  placing  new 
equipment  in  a structure.  This  means  that  a 
manufactured  product  of  some  sort  is  added 
to  the  structure.  A simple  case  might  be  the 
installation  of  a television  antenna. 


Fig.  69-8.  This  house  is  being  altered  to  provide  an 
extra  room. 
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A raore  complicated  example  might  be 
the  alteration  of  an  office  building  into  a 
laboratory.  This  might  mean  installing  a 
heavy  compressor  to  provide  compressed  air 
service.  The  air  compressor  might  be  so 
heavy  as  to  require  extensive  structural 
changes  or  alterations. 

Installing  is  sometimes  done  by  manu- 
facturing employees.  Sometimes  it  is  done 
by  construction  crews.  When  specialized 
equipment  is  involved,  installing  may  even 
be  done  by  manufacturer’s  representatives 
working  along  with  construction  workers. 
Individual  contracts  for  large  installations 
usually  state  who  will  do  the  actual  install- 
ing at  the  site.  This  work  is  often  done  to 
modernize  old  construction  by  installing  new 
equipment  within  an  old  structure. 


Summary 

Servicing  or  postprocessing  of  property 
takes  place  after  the  completion  of  construc- 


tion. Postprocessing  consists  of  operating, 
maintaining,  repairing,  altering,  and  install- 
ing. 


Terms  to  Know 

servicing 

processing 

postprocessing 

operating 

maintaining 


Think  About  It! 

1.  How  does  postprocessing  differ  from 
processing?  Is  postprocessing  important 
in  construction? 

2.  Using  a street,  highway,  or  bridge  in 
your  community  as  an  example,  list  sev- 
eral servicing  activities  that  should  be 
carried  out  now  to  improve  its  condition. 


repairing 
altering 
installing 
char  services 
deterioration 


Owners 

Designers 

Contractors 

Craftsmen 

Operators 


— Keeping  things 

— Inspecting 

— Adjusting 

— Replacing 

running  properly 

— Cleaning 

complete 

systems 

— Protecting 

— Rebuilding 

• 

— Coating  or 

— Replacing 

— Placing 
additional 

— Reorganizing 


treating 


components  equipment 


This  reading  tells  how  dams  are  built.  A 
dam  consists  of  material  (earth,  concrete, 
masonry,  steel,  or  wood)  which  is  placed 
across  a stream  to  block  the  flow  of  water. 
We  shall  consider  the  following  topics : 

1.  Purposes  of  dams, 

2.  Materials  used, 

3.  Who  builds  dams, 

4.  Planning  and  design, 

5.  Features, 

6.  Land  acquisition,  and 

7.  Construction. 


Purposes  of  Dams 

When  a stream  is  dammed,  the  water 
level  rises  on  the  upstream  side  of  the  dam. 
The  slopes  of  the  stream  valley  form  a 
reservoir  to  hold  or  store  water.  Fig.  70-1. 

Water  in  a storage  reservoir  has  many 
uses.  It  may  be  piped  to  a city.  It  may  be 


Building  Dams 

used  for  watering  livestock  or  for  growing 
crops.  Dispensing  water  over  cropland  is 
called  irrigation,  Fig.  70-2. 

Another  function  of  a dam  is  to  control 
the  flow  of  water  downstream.  The  outlet 
works  of  a dam  can  be  designed  to  regulate 
flow  so  that  there  will  never  be  too  much 
water  in  the  stream  below  the  dam.  This 
control  prevents  the  stream  from  rising 
above  its  banks  to  flood  farm  land  or  urban 
areas.  Wc  call  this  function  flood  control, 
Fig.  70-3. 

Dams  also  function  to  allow  enough  water 
to  flow  downstream.  Some  streams  tend  to 
dry  up  partly  or  wholly  in  seasons  when 
there  is  little  rainfall.  The  outlet  works  of 
a dam  can  regulate  water  flow  so  that  a river 
always  will  be  deep  enough  for  boats  and  so 
that  it  will  carry  away  the  effluent  from 
sewage  disposal  plants  of  cities  along  the 
river  (pollution  abatement).  A special  kind 


Fig.  70-1.  When  water  in  a stream  is  dammed,  the  Fig.  70-2.  One  function  of  a dam  may  be  to  provide 

water  level  rises  and  forms  a reservoir.  water  for  irrigation. 
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of  dam  for  navigation  is  used  on  rivers  and 
canals  in  connection  with  locks  which  permit 
boats  to  pass  through. 

A purpose  of  dams  closely  connected  with 
flood  protection  is  to  control  the  erosion 
(washing  away)  of  river  banks.  When  it 
rains  very  hard  for  a long  time,  a great  deal 


Fig.  70-3,  Another  function  of  a dam  is  to  prevent 
flooding  which  results  when  uncontrolled 
water  overflows  the  banks  of  streams  or 
rivers. 


Fig.  70-4.  The  energy  of  falling  water  con  be 
converted  into  electrical  energy  in  a 
hydroelectric  plant  such  as  this  one. 


of  water  falls  on  the  land.  If  this  water  runs 
off  too  rapidly,  it  picks  up  and  carries  with 
it  bits  of  soil.  (You  may  have  seen  how 
muddy  a river  is  after  a hard  rain.)  When 
a river  rises  due  to  heavy  rains,  it  moves 
faster.  The  swift  current  may  erode  the  soil 
along  the  stream  banks.  It  may  undercut 
road  beds  or  the  substructure  of  bridges. 
Dams  can  be  used  to  hold  back  some  of  the 
extra  water  temporarily,  thereby  reducing 
this  erosion. 

A further  purpose  of  some  dams  is  to 
capture  the  energy  of  falling  water.  As  it 
drops  from  the  high  elevation  of  a reservoir, 
water  can  be  made  to  run  generators  which 
produce  electricity.  A power  plant  which 
harnesses  energy  this  way  is  called  a hydro- 
electric 'plant,  Fig.  70-4. 

Still  another  purpose  of  a dam  is  to  form 
a lake  for  recreation  (swimming,  boating, 
water  skiing,  and  fishing)  and  for  the  pres- 
ervation of  fish  and  wildlife.  Fig.  70-5. 

Many  dams  serve  more  than  one  purpose 
and  are  called  multipurpose  projects.  For 
instance,  the  Keystone  Dam  near  Tulsa, 
Oklahoma,  regulates  the  flow  of  the  Arkan- 
sas River  (1)  to  prevent  floods,  (2)  to  per- 
mit navigation,  and  (3)  to  carry  away 
sewage  effluent.  The . dam  also  provides 
water  which  vdll  eventually  be  used  by  the 
City  of  Tulsa  for  home  and  industrial  pur- 


Fig.  70-5.  The  reservoirs  created  by  dams  may 
create  recreation  facilities. 
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poses.  Also,  the  dam  produces  hydroelectric 
power  and  provides  a large  lake  for  recrea- 
tion, fish,  and  wildlife. 

A secondary  purpose  of  a dam  is  to  pro- 
vide a roadway  which  may  be  used,  instead 
of  a bridge,  across  a stream. 

Materials 

While  it  is  possible  to  make  a dam  of  a 
single  material  such  as  earth,  concrete, 
masonry,  steel,  or  wood,  most  of  the  larger 
dams  use  a combination  of  materials.  For 
instance,  the  Keystone  Dam  is  built  of  earth, 
3teel,  and  concrete,  with  a small  amount  of 
wood  and  masonry. 

Who  Builds  Dams 

A great  many  different  people  may  own 
or  initiate  a dam  and  reservoir  project.  A 
farmer  may  place  a small  earth  dam  across 
the  upper  part  of  a little  stream  to  prevent 
soil  erosion  and  provide  water  for  livestock. 
A real  estate  developer  may  build  a dam  to 
create  a lake  for  recreation.  A city  may 
build  a dam  to  store  water  for  residential 
and  industrial  use.  A special  district  (made 
up  of  several  cities  and  counties)  may  con- 
struct a dam  to  store  water  for  flood  control, 
electric  power,  recreation,  or  water  supply. 

Within  the  Federal  Government,  there  are 
three  agencies  which  build  dams; 

1.  The  Soil  Conservation  Service  of  the 
Department  of  Agriculture,  which 
builds  small  dams  to  prevent  soil  ero- 
sion and  floods; 

2.  The  Bureau  of  Reclamation  of  the  De- 
partment of  the  Interior,  which  builds 
larger  dams  for  irrigation,  flood  con- 
trol, and  electric  power ; and 

3.  The  Corps  of  Engineers,  U.S.  Army, 
which  builds  large  projects  for  flood 
control,  navigation,  and  electric  power. 

The  dams  built  by  these  three  agencies  may 
also  serve  other  purposes,  such  as  water 
supply,  recreation,  and  fish  and  wildlife 
conservation.  See  Fig.  70-6. 


Small  upstream  dams  are  important  in 
preventing  soil  erosion,  controlling  floods, 
and  supplying  water.  However,  most  of  this 
reading  will  be  devoted  to  larger  projects. 

Dams  are  designed  by  civil  engineers, 
assisted  by  mechanical  and  electrical  en- 
gineers, lawyers,  real  estate  appraisers, 
and  sometimes  agronomists  (specialists  in 
crops  and  soils).  Fig.  70-7.  Engineers  also 
serve  as  managers  to  operate  the  project 
after  completion  of  construction.  In  addition, 
they  supervise  the  work  of  the  contractors. 

Dams  are  constructed  by  one  or  more  gen- 
eral contractors.  Usually  there  is  more  than 
one  contract.  Sometimes  two  or  more  con- 
tractors work  together  on  a single  large 
contract,  forming  what  is  called  a joint 
venture.  Most  of  the  work  is  usually  done  by 
the  general  contractor  with  his  own  em- 
ployees. Special  parts,  such  as  seeding  and 
mulching  or  structural  steel,  may  be  sub- 
contracted. 

A large  dam  project  can  include  many 
structures  other  than  the  dam  itself,  such 
as  buildings  and  highways.  The  project  may 
employ  nearly  every  type  of  craftsman  in- 
cluding operating  engineers  (equipment 


Fig.  70-6.  The  water  tunnel  area  seen  under 

construction  here  is  just  one  part  of  a 
government  initiated  dam  project. 
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operators),  carpenters  (mostly  for  concrete 
forms),  ironworkers,  and  laborers. 


Planning  and  Design 

The  first  planning  step,  a feasibility 
study,  was  mentioned  in  Reading  5.  A 
feasibility  study  may  take  a long  time ; B to 
10  years  is  not  unusual.  Public  hearings  are 
held  so  that  tho.se  in  favor  of  the  project 
and  those  who  oppose  it  may  voice  their 
opinions.  A preliminary  choice  of  site  is 
made,  and  a very  general  design  is  pre- 
pared, including  cost  estimates.  This  permits 
figuring  the  approximate  cost.  Among  the 
features  to  be  considered  are  (1)  the  soil 
conditions,  (2)  the  amount  of  water  that 
can  be  stored,  (3)  the  cost  of  the  dam  itself, 
(4)  the  cost  of  buying  the  real  estate,  and 
(6)  the  problem  of  moving  existing  roads, 
railroads,  and  utility  lines  outside  the 
reservoir. 

A complete  economic  analysis  is  made  to 
determine  both  the  yearly  benefits  (damage 
prevented  and  value  of  water  supplied,  for 
example)  and  the  yearly  costs  (interest  on 
the  cost  of  the  project  and  operating  ex- 
penses). A benefit-cost  ratio  is  also  figured. 
For  instance,  if  a dam  is  to  be  only  for  water 


Fig.  70-7.  This  hydraulic  engineer  conducts  research 
and  uses  his  findings  in  the  design  of  dams. 


supply,  if  the  value  of  the  water  will  be 
$120,000  per  year,  and  if  the  yearly  cost 
will  be  $100,000  per  year,  the  annual 
benefit-cost  ratio  is  $120,000/$100,000  or  12 
to  10.  The  feasibility  study  is  referred  to  a 
legislative  body  for  approval  (Congress,  in 
case  of  a Federal  project). 

In  selecting  a site  for  the  dam  itself,  it  is 
desirable  to  find  a spot  where  the  river 
valley  narrows.  Fig.  70-8.  The  narrow  dam 
site  should  be  downstream  from  an  area 
where  the  valley  is  much  wider.  Soil  condi- 
tions along  the  banks  must  be  carefully 
checked  for  their  ability  to  withstand  the 
weight  of  the  dam  and  the  pressure  of  the 
water.  The  availability  of  construction  ma- 
terials is  checked.  Also  the  soil  beneath 
should  not  be  so  porous  as  to  permit  water 
to  leak  under  the  dam. 

The  area  being  considered  for  a reservoir 
is  usually  crisscrossed  with  roads,  railroads, 
electric  power  lines,  telephone  lines  and 
cables,  and  gas  and  oil  pipelines.  Sometimes 
there  are  even  cities  or  towns  in  the  reser- 
voir areas.  All  of  these  things  must  be 
moved  (or  relocated)  so  they  will  not  be 
flooded  out  by  the  waters  of  the  reservoir. 

Many  times  the  cost  and  time  required  to 
accomplish  relocations  is  greater  than  the 
cost  of  the  dam  itself.  For  instance,  imagine 
the  cost  of  moving  a major  railroad  or 
interstate  highway  eight  miles  from  its 
present  position.  Usually  more  effort  is 
spent  on  designing  relocations  and  reaching 
agreements  with  their  owners  than  on  the 
design  of  the  dam.  Fig.  70-9. 


Features  of  a Dam 

The  principal  features  of  major  earth 
dams  are  (1)  an  earth  embankment,  (2)  a 
concrete  and  steel  outlet  works,  and  (3)  a 
concrete  spillway,  Fig.  70-10.  The  outlet 
works  may  include  a power  plant. 

The  purpose  of  the  earth  embankment  is 
simply  to  hold  back  the  water.  It  usually 
has  an  “impervious”  clay  core  which  does 
not  transmit  water.  The  upstream  face  of 
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Fig.  70-8.  The  Glen  Canyon  Dam  was  placed  at  a narrow  r,:ace  in  the  Colorado  River.  What  kind  of  map  is  this? 


Bxdlding  Dams 
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the  embankment  is  covered  with  stone 
(called  rip-rap)  to  prevent  erosion  from 
waves. 

The  outlet  works  are  gates  used  to  regu- 
late the  flow  of  water  from  the  reservoir 
through  the  dam.  Sometimes  the  gates  are 
in  tunnels. 

The  spillway  is  an  emergency  way  to  dis- 
charge water  automatically  in  case  very 
heavy  rainfall  above  the  dam  should  cause 
the  reservoir  to  overflow. 


Land  Acquisition 

The  land  for  the  dam  site  and  the  access 
roads  is  the  first  to  be  bought.  Other  land 
is  acquired  in  stages,  moving  upstream  from 
the  dam  site.  The  land  for  relocations  is 
purchased  as  needed.  On  a major  project, 
land  acquisitions  may  take  from  two  to 
seven  years. 


Construction 


Fig.  70-9.  The  construction  of  a dam  is  often  a vast 
and  complex  project  which  requires  the 
construction  and  relocation  of  many 
systems  and  facilities. 


Fig.  70-10.  This  dam  has  an  earth  embankment  and  a 
concrete  spillway.  What  is  the  purpose 
of  a spillway? 


There  are  many  ways  of  constructing  a 
dam.  The  typical  one  described  below  gives 
a time  schedule  of  contracts.  Keep  in  mind 
that  while  work  is  going  on  at  the  dam, 
other  work  is  being  done  on  relocations. 

The  first  contracts  are  for  an  access  road 
to  the  dam  site  and  for  a construction  field 
office.  Sometimes  the  site  is  so  far  away 
from  a town  that  a small  city  must  be  built 
there  to  house  the  workers.  Because  of  the 
expense,  this  is  avoided  whenever  possible. 

The  next  contract  is  for  excavation  of  the 
abutments  (ends)  of  the  dam. 

Then  a contract  may  be  signed  for  the 
cofferdam  which  encloses  part  of  the  em- 


Fig.  70-11.  Water  is  often  tun«^eled  around  a dam 
while  it  is  being  built.  In  this  Case  the 
tunnel  is  being  cut  through  solid  rock. 
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bankment  and  the  outlet  works.  This  coffer- 
dam is  placed  so  that  the  first  stage  of  the 
embankment  and  the  outlet  works  can  be 
built  on  dry  land,  Fig.  70-11.  The  river 
continues  to  flow  in  its  original  channel. 

After  the  outlet  works  are  complete  and 
the  first  stage  of  the  embankment  is  well 
under  way,  another  contract  is  let  for  re- 
moving the  cofferdam,  moving  the  river 
channel  so  that  it  passes  through  the  outlet 
works,  and  constructing  the  second  stage 
of  the  embankment.  For  this,  another  coffer- 
dam is  often  needed. 

The  spillway  may  be  part  of  the  first  or 
the  second  stage  of  embankment.  Some- 
times it  is  at  a location  away  from  the  dam. 
The  spillway  may  be  a tunnel  through  the 
earth  which  discharges  water  below  the 
dam,  out  of  the  face  of  the  canyon  wall.  See 
Fig.  70-12. 

Usually,  the  final  major  contract  is  for 
construction  of  a power  plant,  if  one  is 
provided. 

All  in  all,  it  takes  a long  time  to  build  a 
large  dam.  It  may  take  ten  or  more  years 
in  some  cases.  See  Fig.  70-13. 

Summary 

Dams  are  built  for  water  supply,  flood 
control,  navigation,  recreation,  and  other 


Fig.  70-12.  The  back  of  d dam,  as  viewed  in  this 


picture,  usually  is  seen  only  during 
construction.  Why? 


purposes.  Usually  dams  are  built  of  several 
different  materials.  The  planning,  design, 
and  construction  of  a large,  multipurpose 
dam  are  a maj  or  undertaking,  often  requir- 
ing years  for  final  completion. 


Terms  to  Know 

reservoir 
irrigation 
flood  control 
pollution  abatement 
erode 

hydroelectric  plant 
joint  venture 

Think  About  It! 

1.  Is  there  a large  dam  in  your  region?  If 
so,  how  does  it  affect  your  life? 

2.  What  are  some  of  the  services  provided 
by  a multipiurpose  dam? 


outlet  works 

spillway 

embankment 

impervious 

relocations 

abutments 

cofferdam 


Fig.  70-13:  Preparing  for  construction  can  be  a 


major  tosk.  In  this  project,  the  Glen 
Canyon  Dam,  the  equipment  had  to  be 
lowered  into  the  construction  area.  The 
speck  in  the  sky  is  o large  truck  being 
carried  to  a site. 
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Bridge  Building 

This  reading  describes  how  bridges  are 
built.  A bridge  is  a structure  which  carries 
railroad,  highway,  foot,  or  pipeline  traffic 
over  an  obstacle  such  as  a river,  another 
highway,  or  a railroad. 

Bridges,  like  other  structures,  consist  of 
two  parts:  the  superstructure  and  the  sub- 
structure. The  superstructure  supports  the 
traffic  load.  The  substructure  supports  the 
superstructure.  The  substructure  consists 
of  abutments  (ends)  and  intermediate  piers 
(if  any)  as  shown  in  Fig.  71-1. 

Bridges  may  be  fixed  or  movable.  Fixed 
bridges  are  permanently  anchored  in  place. 
Movable  bridges  on  rivers  either  lift,  open, 
or  swing  out  of  the  way  to  permit  the 
passage  of  boats  that  are  too  tall  to  pass 
under  the  bridge.  See  Fig.  71-7. 

A bridge  is  said  to  be  either  a through 
bridge  or  a deck  bridge.  In  a through  bridge, 
the  roadway  is  between  the  main  beams  or 


trusses.  In  a deck  bridge,  the  roadway  rests 
on  top  of  the  main  beams  or  trusses. 


Who  Builds  Bridges 

The  owner  of  a bridge  may  be  a division 
of  government  (federal,  state,  city  or 
county).  The  owner  may  also  be  a railroad, 
a pipeline  company,  or  other  businesses.  An 
individual  may  own  a small  bridge. 

Bridges  are  designed  by  civil  engineers, 
sometimes  assisted  by  architects  and  by 
the  manufacturers  of  steel  arid  concrete 
products. 

There  are  several  methods  of  contracting 
for  a bridge.  A general  contractor  may  re- 
ceive an  award  for  the  whole  job.  He  may 
build  the  abutments,  piers,  and  roadways 
with  his  own  employees,  but  he  may  sub- 
contract the  superstructure  to  a steel  com- 


Fig.  71-1.  A typical  bridge  structure  consisting  of  three  simple  spans. 
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pany  whicii  manufactures,  fabricates  (puts 
together),  and  erects  the  superstructure. 

Sometimes  two  or.  more  contractors,  one 
a specialist  in  heavy  concrete  work  and  the 
other  in  bridge  superstructures,  will  v/ork 
together  as  a team  to  do  the  job.  At  other 
times,  the  owner  may  award  separate  con- 
tracts for  the  substructure  and  the  super- 
structure. 

Principal  craftsmen  employed  in  building 
bridges  are  ironworkers,  operating  engi- 
neers (equipment  operators),  carpenters, 
cement  finishers,  and  laborers. 


Materials 

The  substructures  of  bridges  are  gen- 
erally made  of  concrete.  Masonry  was  used, 
in  place  of  concrete,  on  older  bridges. 
Wooden  or  steel  piles  are  used  to  support 
the  concrete  where  the  earth  alone  does  not 
give  enough  support.  Superstructures  may 
be  made  of  steel,  concrete,  masonry,  or 
wood.  Often  materials  are  combined.  A 
superstructure  consisting  of  a concrete 
roadway,  placed  on  steel  girders,  may  rest 
on  a substructure  of  concrete  abutments. 


Precast  concrete  beams  are  often  used. 
These  are  made  in  a concrete  products  yard 
from  which  they  are  hauled  to  the  job. 
Often  precast  concrete  beams  are  pre- 
stressed (contain  steel  wires  that  are 
stretched  and  tightened).  Prestressed  beams 
are  stronger  than  ordinary  reinforced 
concrete. 


Types  of  Fixed  Bridge 
Superstructures 

One  of  the  simplest  types  of  bridges  is 
the  reinforced  concrete  slab;  as  shown  in 
Fig.  71-1.  It  can  be  used  for  relatively  short 
spans  and  fairly  light  loads. 

Often  trusses  are  used  in  place  of  beams 
to  support  a roadway.  A truss  is  a rigid 
framework  made  by  connecting  long, 
straight  pieces  of  wood,  steel,  or  aluminum 
so  as  to  form  triangles  (three-sided  figures). 
Examples  of  trusses  are  shown  in  Fig.  71-2. 

Arch  bridges  are  very  attractive.  They 
are  used  for  spanning  deep  ravines.  The 
oldest  arches  were  made  of  stone  and 
masonry.  Modern  arch  bridges  are  made  of 
steel  ai;d  reinforced  concrete.  Fig.  71-3 
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shows  a spandrel  braced  steel  arch.  The 
roadway  and  the  arch  ring  are  connected 
by  diagonal  bars,  known  as  spandrels. 

Arches  of  reinforced  concrete  are  very 
common.  There  are  different  ways  to  apply 
the  load  from  the  roadway  to  the  arch. 
Figure  71-4  shows  an  open  spandrel  rein- 
forced concrete  arch. 

The  cantilever  bridge  is  used  for  fairly 
long  spans  (up  to  2,000').  While  cantilever 
bridges  may  be  built  of  reinforced  con- 


crete or  steel  girders,  the  most  usual  form 
of  support  on  a fairly  long  bridge  is  steel 
trusses,  as  shown  in  Fig.  71-5,  A and  B views. 

Suspension  bridges  (Fig.  71-6)  are  used 
for  the  longest  crossings.  The  principal  load 
carrying  elements  in  suspension  bridges  are 
the  cables.  The  cables  are  made  of  thou- 
sands of  parallel,  galvanized-steel  wires. 
They  pass  over  towers  and  are  anchored  at 
the  ends  of  the  side  spans.  To  reduce  the 
sag  at  the  center,  stiffening  trusses  are  put 
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Fig.  71-3.  Spandrel  braced  steel  arch. 


Fig.  71-4.  Open  spandrel  reinforced  concrete  arch. 


A.  Cantilever  truss  bridge  with  two 
suspended  spans. 


B.  Cantilever  bridge  with  one  suspended 
span. 


Fig.  71-5.  Cantilever  bridges. 
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Fig.  71-6.  Modern  suspension  bridge. 
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in,  along  the  roadway,  throughout  the  whole 
length  of  the  bridge.  The  longest  bridge  in 
the  world  is  the  Verrazano-Narrows  sus- 
pension bridge  in  New  York.  It  has  a span 
of  4,260'.  The  Golden  Gate  Bridge  in  San 
Francisco  has  a span  of  4,200'. 


used.  However,  with  the  heavy  vehicular 
traffic  and  heavy  boat  traffic  of  today,  the 
trend  is  to  high  level,  fixed  bridges.  Mova- 
ble bridges  are  of  three  types: 

1.  The  bascule  (Fig.  71-7A), 

2.  The  lift  (Fig.  71-7B),  and 

3.  The  swing  (Fig.  71-7C). 


Movable  Bridges 

Where  boats  in  a waterway  are  too  tall  to 
pass  under  a bridge,  a movable  bridge  is 


B.  Vertical  lift  bridge 


Temporary  Bridges 

Temporary  bridges  are  often  made  of 
wood,  with  wooden  abutments  and  wooden 
pile  bents  or  trestles.  Fig.  71-8.  Floating 
bridges  are  also  used  in  military  operations 
and  under  emergency  conditions.  Boats 
called  pontoons  are  tied  together  and  par- 
tially covered  with  a roadway  of  timbers 
or  steel. 


Planning  and  Design 

The  planning  and  design  phases  (feasi- 
bility study,  preliminary  design,  cost  esti- 
mates, and  final  design)  for  a bridge  are  the 
same  as  for  any  other  construction  project. 
The  important  decisions  with  respect  to  a 


Fig.  71-8.  Temporary  bridges,  such  as  this  one  in 
South  Vietnam,  are  built  by  the  military. 
Floating  bridges  are  also  used. 


Fig.  71-7.  Movable  bridges. 
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bridge  are  the  type  of  bridge  to  be  used, 
the  material  for  the  superstructure,  and  the 
exact  location.  No  set  rules  for  these  deci- 
sions can  be  given. 

Some  of  the  questions  which  might  arise 
are: 

1.  Should  the  bridge  be  fixed  or  movable  ? 

2.  How  many  intermediate  piers  should 
be  placed,  if  any? 

3.  At  what  elevation  should  the  bridge 
be  located? 

4.  Should  the  bridge  be  a deck  or  a 
through  bridge? 

6.  Should  plate  girders  or  reinforced  con- 
crete beams  be  used? 

6.  Should  an  arch,  a cantilever,  or  a sus- 
pension design  be  used? 

Consideration  is  given  to  the  length  of  the 
obstacle  to  be  spanned,  the  loads  to  be 
carried,  the  contours  of  the  land,  founda- 
tion conditions,  the  requirements  for  clear- 
ance below  the  bridge,  and  the  appearance. 


Substructure 

Abutments  support  the  ends  of  a bridge. 
They  also  serve  as  retaining  walls  to  sup- 
port the  earth  Ijring  under  the  approach 
roadway.  Piers  are  intermediate  supports 
used  when  there  is  more  than  one  span. 
Abutments  and  piers  are  usually  made  of 
reinforced  concrete.  They  must  rest  on  an 
earth  formation  which  can  support  them 
and  also  the  load  of  the  superstructure  and 
the  traffic.  If  the  earth  formation  is  very 
far  underground,  the  piers  are  placed  on 
piles.  Together,  these  piers  and  piles  pro- 
vide a substitute  for  a natural  rock 
formation. 

Piles  can  be  made  of  timber,  steel,  or  con- 
crete. Abutments  and  piers  should  be  con- 
structed so  they  will  not  settle  much. 

The  construction  of  abutments  follows  the 
usual  techniques  for  earthmoving,  place- 
ment of  concrete,  and  pile  driving  which 
you  have  already  studied.  Placing  piers  deep 
underwater  requires  special  methods  in- 
volving floating  cranes,  barges,  divers,  and 


sometimes  temporary  cofferdams  similar  to 
those  used  in  building  dams. 


Erecting  the  Superstructure 

Methods  for  erecting  tho  superstructure 
of  a bridge  vary  with  the  type  of  bridge. 
For  bridges  using  steel  and  precast  con- 
crete supports,  as  much  assembly  work  as 
possible  is  done  in  a fabricating  shop  away 
from  the  site.  For  instance,  many  truss 
pieces  can  be  welded  or  bolted  together  at 
the  shop.  The  assembled  unit  can  be  quite 
large,  as  long  as  it  can  be  transported  and 
lifted  into  place.  The  unit  is  carried  to  the 
site  by  truck,  rail,  or  barge,  and  it  is  hoisted 
into  place  with  a crane.  It  becomes  part  of 
the  structure  by  fastening  with  welds  or 
bolts.  Fig.  71-9. 

When  the  concrete  is  put  in  place  on  the 
bridge  itself,  it  is  usually  necessary  to  pro- 
vide a large  number  of  supports  (called 
falsework)  to  hold  the  weight  of  the  forms 
and  the  wet  concrete.  After  the  supports 
are  placed,  the  concrete  roadway  is  formed 
and  placed.  Sometimes  a steel  grille  replaces 
the  concrete  roadway  on  parts  of  some 
bridges  where  the  weight  must  be  reduced. 


Fig.  71-9.  An  ironworker  must  be  on  acrobat.  These 


workers  are  bolting  two  beam  frames 
together. 
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The  final  step  consists  of  placing  features 
such  as  ladders,  guard  rails,  lights,  and 
signs.  Steel  bridges  are  also  given  at  least 
one  coat  of  paint  after  they  are  erected. 


Summary 

Bridges  are  built  to  carry  traffic  over 
an  obstacle.  They  have  tv^'o  major  parts: 
the  substructure  and  the  superstructure. 
Bridges  are  either  fixed  or  movable.  Ex- 
amples of  fixed  bridges  include  reinforced 
concrete  slab  or  slab  and  beam,  steel  beam 
or  plate  girder,  truss,  arch,  cantilever,  and 
suspension  bridges.  Types  of  movable 
bridges  are  the  bascule,  lift,  and  swing. 
Bridges  must  be  carefully  designed  and 
erected  to  insure  the  safety  of  the  traffic 
crossing  the  obstacle. 


Terms  to  Know 

permanently 
anchored 
through  bridge 
deck  bridge 
operating  mgineers 
prestressed 
precast 
span 
girders 


truss 
spandrels 
cantilever  bridge 
suspension  bridge 
pontoons 
obstacle 
intermediate 
supports 
falsework 


Think  About  It! 

1.  Could  you  move  around  your  community 
with  ease  without  crossing  a bridge  ? 
How  many  times  do  you  cross  a bridge 
each  day? 

2.  List  some  human  activities  that  could  not 
go  on  in  your  community  or  state  without 
the  use  of  bridges. 
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Road  Building 


This  reading  tells  the  story  of  a road, 
from  the  time  it  is  planned  until  it  is 
finished.  The  road  is  a section  of  U.S.  High- 
way 64  in  central  Kansas,  Fig.  72-1.  It  is 
about  V/2  miles  long  and  includes  a bridge. 
While  this  is  a special  story  of  one  road, 
most  roads  are  built  in  much  the  same  way. 
The  usual  steps — planning,  designing,  con- 
tracting, acquiring  land,  constructing  the 
road,  and  inspecting — were  followed. 


Feasibility  Study 

The  feasibility  study  for  a reservoir, 
made  by  the  staff  of  the  Army  Engineers, 
indicated  that  part  of  U.S.  64  would  be 
flooded  by  the  waters  of  the  reservoir.  The 
road  either  had  to  be  relocated  or  raised  so 
that  it  would  not  be  under  water.  Therefore, 
the  feasibility  study  for  the  road  concerned 
how  and  where  the  road  should  be  rebuilt. 

The  Army  Engineers  used  rainfall  in- 
formation and  considered  clearances  for 


Fig.  72-1,  This  is  the  story  of  Highway  54  and  the 
relocation  of  this  bridge. 


small  boat  traffic  on  the  reservoir  to  decide 
(1)  how  wide  the  opening  for  the  bridge 
had  to  be  and  (2)  how  much  clearance 
there  should  be  under  the  bridge  to  permit 
boats  to  pass  under. 

Several  different  ways  were  considered 
for  rebuilding  the  road  without  stopping 
traffic  on  U.S.  Highway  64  during  con- 
struction. 

Plan  1 — The  engineers  thought  of  moving 
the  road  about  a mile  to  the  north,  but  the 
route  would  have  been  too  long. 

Plan  2 — The  engineers  thought  of  moving 
the  bridge  about  500'  to  the  south,  but  soil 
and  foundation  conditions  were  poor. 

Plan  3 — The  engineers  thought  of  raising 
the  height  of  the  road  by  building  an  em- 
bankment above  the  present  road  and  build- 
ing a new  bridge,  but  this  would  have  been 
too  costly. 

Plan  4 — The  engineers  considered  raising 
the  bridge  and  embankment  10',  using  the 
five  old  piers  and  adding  a sixth  pier  and 
seventh  span  for  the  wider  opening  needed. 

The  fourth  plan  was  adopted  as  the  least 
costly,  as  having  the  shortest  construction 
time,  and  as  interfering  least  with  traffic. 
Fig.  72-2. 


Funding 

Money  was  provided  on  the  following 
schedule : 

1st  year — Planning  and  designing;  buying 
the  land. 

2nd  year — Starting  work  on  road  and 
bridge. 

3rd  year — Completing  road  and  bridge. 


M o'- 
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Designing  and  Engineering 

It  was  agreed  by  the  Army  Engineers 
that  the  Kansas  Highway  Commission  would 
design  the  road  and  bridge  and  would  award 
the  contracts.  The  Army  Engineers  and  the 
Kansas  Highway  Commission  made  a cost 
reimbuTsable  contToct.  In  this  contract  the 
Army  Engineers  agreed  to  pay  the  ^ Com- 
mission for  all  costs  involved  in  designing 
and  building  the  project. 

The  road  and  bridge  were  designed  by  the 
Kansas  Highway  Commission  staff,  Fig.  72- 
3.  The  steps  taken  are  the  ones  used  for  de- 
signing nearly  all  roads. 

A detailed  survey  was  made  of  the  site. 
Holes  were  bored  to  test  the  soil  and  to  de- 
termine foundation  conditions  for  the  new 

highway,  Fig.  72-4.  ^ . j.  a a 

The  Commission  staff  made  a study  to  hnd 
the  best  materials  for  the  high  embankment 
needed  on  the  bridge  approaches.  They  con- 
sidered how  much  the  bank  should  slope 
and  the  kind  of  earth  which  was  available 
in  the  area  for  fill.  The  way  of  placing  and 
rolling  the  fill  was  selected. 


For  the  extra  span  of  the  bridge,  it  was 
decided  to  use  the  same  type  of  super- 
structure (steel  girders)  and  pavement 
(concrete)  as  in  the  re.st  of  the  bridge.  A 
study  of  the  road  revealed  that  the  best  type 
of  surface  material  for  the  road  would  be  a 
flexible  pavement:  asphalt  or  blacktop. 

The  problem  of  how  to  avoid  blocking 
traffic  during  construction  was  studied.  It 
was  decided  to  build  a bypass  detour  just 


Fig.  72-3.  The  Highway  Department  designed  the 
telocation  project. 


Fig.  72-4.  The  Highway  Department  had  to  make  test 
borings  and  study  soil  conditions  before 
and  during  construction. 


north  of  the  site.  The  detour  was  to  be  far 
enough  away  so  that  it  would  not  interfere 
with  construction. 

The  b3T>ass  r()ad  was  then  designed.  A 
double-surfaced  asphalt  road  and  a wooden 
bridge  were  found  to  be  the  least  expensive 
for  the  detour. 

After  all  these  questions  had  been  de- 
cided, the  Commission  went  ahead  with  de- 
tailed working  drawings,  specifications,  and 
schedules.  As  a guide,  it  used  the  standard 
specifications  of  the  Kansas  Highway  De- 
partment and  the  rules  of  the  U.S.  Bureau 
of  Public  Roads. 


Bidding  and  the  Construction  Contract 

After  final  approval  of  detailed  plans  and 
specifications,  the  bidding  papers  were  made 
up,  adding  standard  rules  for  Kansas  High- 


coNtnucnoN  laws 


emdneeriig 

1 

lull 

lll^ 

TAKING  BIDS: 


2/23, 

2/23, 

2/23, 


0^2 


2/23, 


11  A.M.,  SUBWAY  STRUCTURE  (CONTR  K-5) 
HSK  — CHICAGO  ILL  (CITY) 

11  A.M.,  SUBWAY  STRUCTURE  (CONTR  K-4) 
(SPECS  8.6B-68-4  RSXX  — CHICAGO  ILL 
(CITY) 

12  NOON,  SITE  WORK  (FOR  INSTAL  OF  NEW 
OUTDOOR  34  KV  STRUCTURE)  RS  — WILMETTE 
TCt  (eOMMO»IWEALTII  EPItOM  CQ)- 
2 P.M.,  BRIDGE  AND  HIGHWAY  RELOCATION,' 
KANSAS  HIGHWAY  COMMISSION,  TOPEKA 
a P.M.,  WAILK  UlSIHIBUnOH  3'I'3TEM  ^ 
(SPEC  ASSMT  #67  CO  737)  $1,065,000  — 
PALOS  HILLS  ILL  (CITY) 


LOW  BIDDERS: 

SEWER  CONTROL  REHABILITATION  (67-40)  (DRS- 
CLS-S)  RIVER  GROVE  ILL  FOR  METRO 
SANI  DIST  — #464  217  D 


LOW  & ONLY  BIDDER: 

STAGG  CONST  CO  — 4451  N RAVENSWOOD  CHGO  ILL 
$105,798 


Road  Building  425 

way  contracts.  An  invitation  to  Bid  was 
given  to  all  contractors  who  had  shown  an 
interest  in  jobs  of  this  kind.  The  job  also 
was  announced  in  newspapers  in  the  area 
and  in  statewide  and  regional  trade  or  con- 
tractors’ publications.  Fig.  72-5.  A thirty- 
day  period  was  given  for  the  contractors  to 
prepare  their  bids.  During  this  time  an  own- 
er’s estimate  was  made  to  use  later  in  check- 
ing the  bids.  On  the  appointed  day,  bids 
were  received  and  opened. 

After  careful  checking  of  the  bids,  a 
contract  was  let  (issued).  The  successful 
bidder  then  gave  a performance  bond  (de- 
posit) . Shortly  after  that,  he  was  given 
a notice  to  start  the  work. 


Construction 

The  area  around  the  site  was  mostly  pas- 
ture land,  so  very  little  clearing  was  neces- 
sary, Fig.  72-6.  The  first  operation  was  the 
layout  of  the  site  by  a surveyor. 

There  had  to  be  another  route  for  traffic 
before  construction  on  the  permanent  road 
and  bridge  could  begin.  Therefore,  the  tem- 
porary bridge  and  bypass  road  were  built. 
Fig.  72-7.  Piling  for  the  temporary  wooden 
bridge  were  driven,  and  the  beams  and  road- 
way were  added.  At  the  same  time,  the 
grading  and  paving  for  the  bypass  road 


Fig.  72-6.  The  site  was  cleared,  excavated,  and 
filled. 


o 

ytoa 


Fig.  72-5.  An  invitation  to  bid  was  placed  in 
newspapers  and  trade  journals. 
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were  done.  About  three  months  after  start- 
ing, traffic  was  detoured  from  the  main 
highway  to  the  b3rpass.  The  contractor 
could  now  begin  constructing  the  permanent 
bridge. 

While  the  bypass  was  being  built,  the 
contractor’s  field  and  office  personnel  were 
very  busy.  They  made  schedules,  bought 
materials,  rented  or  bought  needed  equip- 
ment, hired  workers,  made  detailed  shop 
drawings,  and  made  subcontracts.  As  soon 
as  the  traffic  was  detoured,  the  contractor 
began  the  two  main  parts  of  his  job:  the 
bridge  and  the  embankment. 

The  whole  superstructure  was  lifted  about 
three  feet  at  a time  by  hydraulic  and  screw 
jacks.  I-beams  were  then  put  in  place  of  the 
jacks.  Then  a 2^  Wt  of  concrete  was 
placed  around  the  I-beams.  Four  lifts  of  this 
kind  raised  the  bridge  10'. 

As  soon  as  the  embankment  near  the  ends 
of  the  bridge  was  made  high  enough,  new 
abutments  (end  piers)  were  constructed  of 
concrete.  While  this  was  going  on,  the  steel 
work  for  the  extra  span  was  being  made  in 
the  shop.  Also  the  new  sixth  pier  was  built. 

Finally,  the  new  seventh  span  was  lifted 
into  place  (Fig.  72-8),  and  the  concrete 
roadway  over  the  new  span  and  new  sec- 
tions of  guard  rail  were  put  in. 

Meanwhile,  construction  of  the  embank- 
ment was  proceeding.  After  tearing  out  the 
old  road  with  a bulldozer  and  rooter  and  ex- 
cavating to  the  right  level,  the  contractor 
began  the  fill.  Tractor  scrapers  carried  earth 


Fig.  72-7.  A bypass  was  constructed  so  traffic  could 
continue  while  work  was  being  done  on 
the  bridge. 


from  nearby  pits.  As  each  6"  layer  of  fill  or 
earth  was  placed,  it  was  rolled  by  sheepsfoot 
rollers  that  were  pulled  by  tractors,  Fig. 
72-9.  This  packed  down  the  soil  in  the  em- 
bankment according  to  specifications. 

Stone  riprap  was  placed  on  the  sides 
of  the  embankment  to  keep  it  from  being 
washed  away  by  rain  or  by  the  waters  of 
the  reservoir.  Then  the  embankment  top 
was  seeded  and  coated  with  straw  to  hold 
the  seed  in  place.  Finally,  the  asphalt  sur- 
face of  the  road  was  placed,  Fig.  72-10. 


Fig.  72-9.  The  new  embankment  was  rolled,  one 
layer  at  a time,  by  a,  sheepsfoot  roller. 
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When  the  road  and  bridge  were  finished, 
they  were  opened  to  traffic,  Fig.  72-11.  The 
bypass  was  closed,  the  bypass  bridge  was 
taken  down,  and  the  bypass  road  was  torn 
up. 


These  are  the  steps  usually  followed  in  road 
building. 

Terms  to  Know 


Inspection 

During  all  steps  of  the  construction,  in- 
spectors of  the  Kansas  Highway  Commission 
were  busy.  They  checked  on  the  firmness  of 
the  fill,  on  the  quality  and  strength  of  the 
concrete,  on  the  placement  of  reinforcing 
steel,  and  on  the  correct  alignment  of  all 
parts  of  the  job.  They  insisted  that  plans 
and  specifications  be  followed  exactly. 

Upon  final  completion  of  the  highway,  a 
detailed  inspection  was  made  by  the  Army 
Engineers  and  the  Kansas  Highway  Com- 
mission. The  contractor  was  given  a list  of 
things  to  correct.  When  these  defects  had 
been  corrected,  the  Commission  accepted 
the  work  from  the  contractor  and  gave  him 
the  final  payment. 


clearance 

funding 

cost  reimbursable 
contract 
permanent 
specifications 
asphalt 
blacktop 
bypass 


Invitation  to  Bid 
to  let  contracts 
detoured 
hydraulic 
screw  jacks 
a lift  of  concrete 
sheepsfoot  roller 
acquiring  of  land 
feasibility 


Think  About  It ! 

1.  How  would  your  life  be  changed  if  there 
were  few  or  no  roads  in  your  community? 

2.  Has  the  Interstate  Highway  System  af- 
fected your  life  ? Ask  your  parents  how 
these  roads  have  affected  them. 


Summary 

You  have  followed  the  story  of  a road 
through  the  steps  of  the  feasibility  study, 
the  design,  the  contracting,  the  acquiring  of 
land,  the  construction,  and  the  inspection. 


Fig.  72-11.  Finally,  after  being  modified  and  inspected, 


the  road  and  bridge  were  reopened. 

How  the  bridge  was  raised  can  be  seen 
by  comparing  this  picture  with  the  bridge 
shown  in  Fig.  72-1. 
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B uilding 
Skyscrapers 


Skyscrapers  became  possible  about  100 
years  ago  when  technology  developed  eleva- 
tors and  metal  framework  for  buildings,  Fig. 
73-1.  Before  that,  the  weight  of  most  build- 
ings was  carried  by  the  walls  themselves  so 
that  the  lower  part  of  a tall  structure  had 
to  have  very  thick  walls.  The  lack  of  eleva- 
tors limited  most  business  and  apartment 
buildings  to  about  six  stories. 

Skyscrapers  have  many  uses : office  build- 
ings, apartments,  hotels,  and  universities. 
Most  recently  skyscraper  construction  has 
been  used  for  assembling  rockets  to  launch 
spaceships. 


Fig.  73-1.  Steel  has  played  a vital  role  in  making 
skyscrapers  possible. 


One  of  the  world’s  tallest  buildings  is  the 
Empire  State  Building  in  New  York.  Its 
height  is  102  stories  or  1,239'.  One  of  the 
world’s  most  spacious  buildings  is  the 
Apollo/Saturn  V vehicle  assembly  building 
at  Cape  Kennedy,  Florida,  Fig.  73-2. 

Who  Builds  Skyscrapers 

The  initiator  (and  owner)  of  a skyscraper 
may  be: 

1.  A commercial  or  industrial  company 
which  needs  a large  amount  of  office 
space, 

2.  A real  estate  developer  (an  individual 
or  a corporation)  who  rents  office  or 
apartment,  space  for  a profit  or 


Fig.  73-2.  The  Apollo/Saturn  V assembly  building 
contains  more  space  than  any  other 
government  building  in  the  world. 
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3.  A governmental  unit  needing  office 
space  for  its  employees. 

A skyscraper  is  such  a major  undertaking 
that  it  is  usually  designed  by  several  archi- 
tectural and  engineering  firms.  These  firms 
will  include  specialists  in  foundations,  struc- 
tural framework,  and  utility  systems  within 
the  building. 

A general  contractor  is  usually  selected  to 
construct  the  skyscraper.  He  will  employ 
many  subcontractors  to  do  mechanical  work, 
electrical  work,  and  other  special  jobs.  In 
addition,  he  will  nearly  always  subcontract 
the  erection  of  the  steel  in  a steel  frame 
building.  Complicated  foundations  are  also 
subcontracted. 

Nearly  all  types  of  building  tradesmen  are 
employed  in  the  building  of  a skyscraper. 
Fig.  73-3. 


Planning  and  Design 
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the  skyscraper  will  be  good  advertising  for 
a company.  Also  considered  is  the  availabil- 
ity of  a good  site. 

Having  made  the  decision  to  erect  a sky- 
scraper at  a certain  location,  the  owner  then 
buys  the  land  for  the  site.  This  is  usually 
done  by  a middleman  such  as  a realtor. 

It  may  take  several  years  to  buy  all  the 
land  needed.  Often  the  site  consists  of  several 
plots  of  ground,  each  owned  by  a different 
person  or  group  of  persons.  Some  plot  own- 
ers may  not  want  to  sell,  or  they  may  ask 
very  high  prices  for  their  land. 

While  land  is  being  bought,  the  design  be- 
gins. Skyscrapers  place  heavy  loads  on  their 
foundations.  The  heavy  load  is  caused  by  the 
weight  of  the  structure  and  by  wind.  Some- 
times the  design  of  a foundation  must  in- 
clude a means  of  resisting  earthquakes.  The 
superstructure  must  be  carefully  designed 
so  that  the  framework  has  enough  strength 


The  first  step  of  planning  is  a feasibility 
study  for  the  initiator,  Fig.  73-4.  The  study 
will  consider  whether  there  is  a need  for  the 
skyscraper,  whether  offices  or  apartments 
can  be  rented  profitably,  and  even  whether 


Fig.  73-3.  Many  men,  including  engineers  and 


tradesmen,  help  in  the  building  of  a 
skyscraper. 


Fig.  73-4.  This  structure  will  be  a large  office 
building.  In  the  planning  stage  it  was 
determined  that  enough  office  space  could 
be  rented  to  make  the  structure  feasible. 

o 
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and  so  that  the  building  has  a pleasing  ap- 
pearance. Heating,  ventilating,  piping  sys- 
tems, and  electrical  and  communications 
networks  inside  the  building  must  be 
planned.  Also,  consideration  must  be  given 
to  architectural  details  such  as  exterior  and 
interior  walls  and  finishes.  All  in  all,  the 
drawings  and  specifications  for  a skyscraper 
might  well  weigh  over  1,000  pounds  and 
might  cover  several  acres  if  laid  out  flat. 


Demolition 

Very  few  skyscrapers  are  built  on  open 
fields  or  vacant  lots.  Usually  the  first  oper- 
ation on  the  site  is  tearing  down  or  demolish- 
ing existing  buildings.  Fig.  73-5.  This  is 
usually  accomplished  with  crowbars,  cutting 
torches,  bulldozers,  and  a heavy  ball  sus- 
pended from  the  boom  of  a crane.  Safety  of 
both  the  wrecking  crew  and  the  general  pub- 
lic is  most  important  in  demolition  work. 


Foundations 


Because  of  the  heavy  loads  on  skyscraper 
foundations,  an  attempt  is  made  to  carry 
them  down  to  bedrock  wherever  possible. 


Fig.  73-5,  Often  an  existing  structure  is  cleared  away 
to  make  room  for  the  new  one, 


Where  bedrock  is  several  hundred  feet  below 
the  surface,  pilings  are  often  used. 

Steel  sheet  piling,  tightly  braced,  usually 
is  driven  around  the  outside  edge  (perime- 
ter) of  the  site  to  provide  support  for  streets 
near  the  site,  underground  utilities,  sub- 
ways, and  existing  buildings.  Fig.  73-6. 
Sometimes  very  elaborate  supports,  called 
underpinnings,  must  be  provided  for  nearby 
(adjacent)  structures.  Steps  must  be  taken 
to  pump  out  underground  water. 

Other  foundation  operations  include  exca- 
vating the  soil,  placing  the  footings  or  pil- 
ing, and  placing  the  underground  portions 
of  the  exterior  walls. 


Framework  of  Superstructure 

The  framework  of  a skyscraper  is  made 
of  steel.  However,  recent  techniques  using 
reinforced  concrete  permit  erecting  a high 
rise  building  with  load  bearing  walls,  thus 
eliminating  the  framework.  Fig.  73-7. 

A steel  framework  consists  of  beams 
(horizontal  members)  and  columns  (vertical 
members).  The  beams  carry  the  weight  of 
the  walls  and  the  floors  and  prevent  the 
columns  from  moving  sideways.  The  columns 
carry  the . loads  from  the  beams  and  from 
wind  down  to  the  foundation. 


Fig.  73-6.  Steel  sheet  piling  is  being  placed  on  this 
site. 


Building  Shjscrapers 
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The  members  of  a steel  frame  building 
I are  joined  by  high  strength  bolts,  welds,  or 

h rivets.  Rivets  are  not  used  very  often.  As 

r much  as  possible  of  the  framework  is  pre- 

i fabricated  in  the  shop  and  joined  together 

I on  the  site. 

i Members  may  be  lifted  into  place  with  a 


Fig.  73-7.  Recent  findings  have  allowed  reinforced 

concrete  to  be  used  in  high  rise  structures. 


(This  equipment  can  hoist  materials  as  much 
as  20  stories.)  Lifting  may  be  done  from  the 
ground  with  a tower  crane.  Also,  a guy  der- 
rick on  top  of  the  building  may  be  used  to 
lift  materials.  It  can  be  moved  up  two  stories 
at  a time. 

Usually  the  framework  for  two  stories  is 
erected  at  once.  Members  are  hoisted  into 
place  and  fastened  by  temporary  bolts.  Then 
the  beams  are  made  level  and  the  columns 
plumb.  After  this,  the  permanent  connections 
are  made  with  high  strength  bolts  or  welds. 
Fig.  73-8.  Then  the  process  is  repeated  two 
stories  at  a time  until  the  framework  is 
“topped  out.” 

Floors  and  Walls 

Floor  systems  may  be  of  concrete,  steel,  or 
a combination  of  these.  Exterior  walls  are 
usually  of  masonry  or  of  metal,  glass,  or 
plastic  panels.  See  Fig.  73-9. 

When  the  frame  is  up  a few  stories,  the 
contractor  will  begin  to  enclose  the  interior 
by  installing  the  floor  systems  (all  except 
the  top  covering)  and  the  exterior  walls. 
Normally,  this  work  is  done  one  story  at  a 
time,  beginning  at  the  bottom.  However,  it 
is  not  necessary  to  wait  for  one  story  to  be 
100%  complete  before  starting  the  next  one. 


Fig.  73-9.  Exterior  walls  are  enclosed.  Various  kinds 
of  materials  are  used:  glass,  masonry, 
metal. 


Fig.  73-8.  Steel  members  may  be  riveted  together 
with  high  strength  steel  rivets. 
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Utilities 

Installation  of  the  utilities  involves  plumb- 
ing, ductwork,  electrical  and  communications 
lines,  and  elevators.  Usually  the  installation 
of  utilities  begins  right  behind  the  structural 
framework. 

Interior  Finishes 

Each  story  is  finished  out  after  it  is  closed 
in  by  the  floors  and  exterior  walls.  This  in- 
volves insulating,  installing  interior  parti- 
tions, finishing  floors,  trimming,  applying 
interior  wall  finishes,  and  installing  acces- 
sories and  fixtures. 


Coordination 


feuilding  a skyscraper  requires  that  every- 
one involved  work  together  closely.  Working 
space  is  quite  limited,  and  there  is  very  little 


Fig.  73-10.  The  elevators  at  the  site  are  in  such 


demand  that  their  use  if  often  scheduled 
months  in  advance. 


room  to  store  construction  materials  and 
equipment.  The  capacity  of  the  temporary 
hoists  and  elevators  used  during  construc- 
tion is  likewise  very  small.  These  elevators 
are  carefully  scheduled  by  a computer 
months  in  advance,  Fig.  73-10.  As  an  exam- 
ple, if  the  schedule  calls  for  lifting  electrical 
conduit  to  the  26th  floor  at  9 :45  a.m.,  on 
August  20,  the  electrical  contractor  must 
have  the  conduit  on  the  site  at  that  time  as 
well  as  the  men  to  load  and  unload  it. 


Summary 

The  skyscraper  is  a structure  that  is  quite 
different  from  almost  any  other.  It  gives  the 
greatest  amount  of  useful  space  on  the  least 
amount  of  land.  Although  skyscrapers  have 
been  built  in  other  countries,  their  develop- 
ment and  widespread  use  are  mostly  Ameri- 
can. 


Terms  to  Know 

skyscraper 
elevator 
initiator 
feasibility  study 
erect 
site 

demolition 
crowbar 
cutting  torch 

Think  About  It! 

1.  Why  do  you  think  the  development  and 
widespread  use  of  skyscrapers  is  uniquely 
American? 

2.  What  is  the  tallest  building  in  your  com- 
munity? How  many  floors  does  it  have? 
Can  you  give  some  reasons  why  it  was 
made  so  high? 
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wrecking  crew 
underpinning 
excavating 
plumb 
tower  crane 
guy  derrick 
“topped  out” 
coordination 
capacity 


Constructing  in 
the  Future 


Construction  technology  (the  use  of  tools, 
equipment,  and  techniques  to  build  things 
on  a site)  must  change  often  to  meet  the 
changes  in  the  world’s  needs.  Changes  in  con- 
struction technology  will  take  the  form  of 
new  designs,  advanced  techniques  of  con- 
struction, better  materials,  more  productive 
equipment,  and  more  highly  skilled  workmen. 


The  Challenge 


vide  for  the  needs  of  a steadily  increasing 
population  and  for  a better  life  for  the 
people  of  the  future.  Fig.  74-1. 

The  size  of  the  building  job  which  faces 
us  is  great.  By  the  year  2000,  or  in  about 
30  years,  we  must  construct  as  much  in  the 
United  States  as  is  now  standing.  Fig.  74-2. 
The  needs  of  many  other  nations,  especially 
those  in  Latin  America,  Africa,  and  Asia, 
are  also  great. 


In  the  years  ahead,  the  construction  in- 
dustry faces  major  challenges.  It  must  pro- 


Fig.  74-1.  Construction  in  the  cities  will  be 

challenging.  This  futuristic  model  suggests 
a reinforced  concrete  frame  using  glass  so 
that  every  floor  is  bathed  with  natural 
light. 


Fig.  74-2.  Construction  technology  will  change  as 
much  as  or  more  than  it  has  already 
changed.  Early  settlers  obtained  lumber 
or  timbers  by  what  is  now  an  outdated 
method — sawing  logs  on  an  elevated 
framework.  Today  we  are  capable  of 
cutting  the  same  materials  with  a beam  of 
light  (laser).  You  will  help  determine  the 
technology  of  the  future. 


U 


433 


434 


The  World  of  Construction 


Rebuilding  of  large  parts  of  our  cities  is 
very  important.  Poor  housing  is  a major 
cause  of  unrest  among  those  of  our  people 
who  spend  their  lives  in  poor  surroundings, 
both  in  cities  and  in  rural  areas.  Somehow, 
v/e  must  have  better  houses  at  a lower  cost. 

Although  our  country  generally  has  enough 
total  rainfall,  some  areas  of  the  country  are 
too  dry.  Major  construction  projects  must  be 
started  to  provide  high  quality  fresh  water 
for  all  the  people,  for  the  agricultural  pro- 
duction of  food  and  fiber,  and  for  industry. 
One  water  project  which  is  now  underway 
in  California  will  cost  several  billion  dollars. 
Some  parts  of  the  v/orld  urgently  need  a 
cheap  method  of  taking  the  salt  out  of  sea- 
water so  it  may  be  used  as  fresh  water. 

Our  airports,  highways,  railroads,  and 
waterways  are  not  now  able  to  meet  our 
needs.  The  transportation  facilities  we  have 
must  be  made  larger,  and  many  new  ones 
must  be  built  for  the  increased  traffic  of 
the  future,  Fig.  74-3.  Our  manufacturing 
plants  must  be  expanded.  More  facilities  are 
needed  for  education,  government,  recrea- 
tion, flood  control,  and  reduction  of  air  and 
water  pollution.  All  these  needs  must  be  met 
at  a cost  our  people  can  afford. 


Fig.  74-3.  One  of  the  major  areas  of  concern  of 
future  construction  technology  is  that  of 
improving  transportation  systems. 


Construction  technology  faces  the  chal- 
lenge of  a huge  job  to  be  done.  It  also  faces 
a great  many  obstacles. 

First,  the  development  of  the  new  tech- 
nology has  been  slow.  Compared  with  the 
science  of  electronics  (radio,  television,  ra- 
dar), construction  technology  has  almost 
stood  still.  Many  improvements  in  building 
have  already  been  started.  However,  they 
have  not  been  developed  to  the  point  of 
everyday  use. 

Second,  there  has  always  been  a resistance 
to  change.  Many  buildings  today  are  only  a 
little  different  from  those  of  100  years  ago. 
The  methods  of  building  them  also  remain 
much  the  same.  Laws,  ordinances,  building 
codes,  labor  practices,  and  testing  laboratory 
requirements  are  based  mostly  on  products 
we  have  now.  It  takes  years  to  introduce  a 
new  item  or  material  and  to  have  it  accepted. 
Many  aluminum  and  plastic  products  are  not 
yet  accepted  in  certain  locations. 

Third,  a great  percentage  of  the  cost  of 
a facility  is  in  addition  to  the  cost  of  labor, 
materials,  equipment,  and  the  contractor’s 
overhead  and  profit.  This  percentage  is  made 
up  of  legal,  financing,  insurance,  and  other 
administrative  charges.  Ways  need  to  be 
found  to  lower  these  costs. 


Meeting  the  Challenge 

To  help  meet  the  construction  needs  of 
tomorrow’s  world,  new  developments  are  un- 
derway in  design,  methods,  materials,  and 
use  of  manpower. 

Advanced  and  imaginative  designs  hold 
special  promise.  Among  these  is  the  modular 
system.  In  this  system  all  dimensions  of 
buildings  are  designed  in  standard  stock 
sizes  of  building  products.  The  modular  sys- 
tem is  already  in  use  in  some  areas.  It  re- 
sults in  easier  design  and  construction,  takes 
less  labor,  and  greatly  lowers  waste.  Fig. 
74-4. 

Second,  there  are  prefabricated  units  such 
as  Habitat  '67.  This  was  designed  by  Mr. 
Mosche  Safdie  and  was  built  at  Expo  ’67  in 
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Montreal,  Canada.  The  building  has  354  pre- 
cast concrete  box  housing  units.  These  units 
were  prefabricated  in  a factory  where  they 
were  fitted  with  trim,  doors,  plumbing,  wir- 
ing, insulation,  one-piece  molded  bathrooms 
(eliminating  over  500  handmade  connec- 
tions), and  laminated-plastic  kitchen  pack- 
ages. 


Fig.  74-4,  New  and  promising  techniques  of 

construction  call  for  precasting  modular 
units  such  as  these. 


Fig.  74-5,  The  precast  units,  finished  and  furnished, 
are  set  in  place  by  a crane. 


More  recently,  the  21-story  Palacio  del  Rio 
Hotel  in  San  Antonio  was  designed  and  con- 
structed by  the  H.  B.  Zachry  Co.  in  less 
than  10  months.  Each  room  unit  was  built 
in  a factory  or  yard.  The  room  units  were 
complete  with  furniture.  Even  the  beds  were 
made!  Then  the  units  were  transported  by 
truck  to  the  job  site  and  hoisted  into  place 
with  a crane.  See  Fig.  74-5. 


Fig.  74-6.  Other  promising  techniques  of  construction 
call  for  remodeling  of  existing  structures. 
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Third,  there  is  the  development  of  designs 
for  remodeling  older  structures  that  are  sub- 
standard, but  structurally  sound.  A great 
many  100-  to  200-year-old  houses  in  Phila- 
delphia have  been  converted  into  modern 
buildings  which  keep  their  original  outward 
appearance.  Fig.  74-6.  Prefabricated  units 
have  been  tried  for  remodeling  older  housing 
in  New  York  and  Boston. 

Other  new  methods  show  promise.  For  ex- 
cavation, nuclear  explosives  will  be  used.  It 
has  been  estimated  that  almost  a billion  dol- 
lars can  be  saved  in  the  excavation  of  the 
new  Panama  Canal  by  using  atomic  blasting. 

New  techniques  of  management  and  plan- 
ning also  will  lower  the  cost  and  increase  the 
efficiency  of  construction.  The  Critical  Path 
Method  (CPM)  and  Program  Evaluation 
and  Review  Technique  (PERT)  ways  of 
scheduling  construction  are  already  in  use. 
Computers,  data  processing,  systems  analy- 
sis, and  input-output  and  simulation  models 
also  can  be  used  for  the  design  and  manage- 
ment of  construction.  Fig.  74-7. 


Fig.  74-7.  The, computer  will  greatly  aid  the  engineer 
and  designer  in  the  future.  An  engineer, 
using  a light  pen  and  a keyboard,  can 
vary  the  size  and  strength  of  the  beam  and 
Instantly  see  the  results  on  the  computer's 
TV-like  screen. 


The  future  will  see  more  development  and 
use  of  building  products  which  are  now  un- 
dergoing change.  Wood  will  be  molded  into 
many  new  shapes.  There  will  be  more  use  of 
laminates  such  as  plywood  and  built-up, 
glued,  thin  panels.  Better  preservatives  and 
finishes  will  greatly  lower  the  maintenance 
needed. 

Plastics  will  be  used  much  more  for  fea- 
tures such  as  wall  panels,  prefabricated  kit- 
chens and  bathrooms,  and  flooring.  Fig.  74-8. 
Plastic  forms  for  concrete  will  replace  other 
materials.  Fiber  glass  will  be  used  more  in 
construction.  Fiber  glass  structural  shapes, 
such  as  I-beams,  are  already  on  the  market. 

The  durability  and  strength  of  metals  such 
as  steel  and  aluminum  will  be  improved.  De- 
velopment of  a material  with  the  strength  of 
steel,  but  with  less  weight,  will  be  eagerly 
sought.  Other  materials  such  as  plasterboard 
(gypsum  board)  and  clay  products  will  be 
greatly  improved  in  strength,  fire  resistance, 
and  reduction  of  maintenance. 

The  use  of  prestressed  and  precast  con- 
crete will  increase.  Better  roofing  materials 


Fig.  74-8.  Plastics  will  be  molded  and  prefabricated 
into  complete  units  as  in  this  futuristic 
bathroom. 
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will  be  used.  Adhesives  will  replace  fasteners 
such  as  welds,  nails,  bolts,  and  mortar  which 
are  used  now.  Epoxy  resins  are  already 
being  used  because  of  their  great  strength. 
A compact  package  may  be  developed  for  a 
single  house  that  contains  heating,  ventilat- 
ing, air  conditioning,  water  supply,  and 
j waste  disposal  units. 

' In  general,  construction  equipment  will  be 

more  powerful,  be  able  to  do  more,  become 
more  specialized,  and  operate  at  far  greater 
speeds  than  today’s  models.  One  example  of 
a new  development  will  be  a more  flexible 
[ crane.  Much  of  the  scaffolding  and  falsework 

• now  needed  will  then  become  unnecessary. 

A major  trend  will  be  the  need  for  more 
skilled  labor  and  less  common  labor.  Many 
changes  in  labor  practices  will  be  needed. 
For  example,  new  materials  with  prefinished, 
: low  maintenance  surfaces  will  greatly  lower 

i the  need  for  painters.  New  materials  and 

] methods  of  construction  "will  require  new 

i skills.  To  learn  these  skills,  construction 

1 workers  will  be  constantly  retrained. 

r 

I 

i 

I The  Distant  Future 

Further  down  the  road  into  the  twenty- 


first  century,  the  city  of  the  future  may  be 

I 


Fig.  74-9.  In  the  future  we  may  be  living,  working, 


and  traveling  in  controlled  environments. 


a completely  enclosed  unit  which  could  exist 
anywhere,  even  on  another  planet.  Fig.  74-9. 
The  trend  toward  such  construction  is  seen 
today  in  covered  shopping  malls  and  sports 
arenas  such  as  the  Houston  Astrodome.  A 
city  of  the  future  may  be  completely  roofed 
over,  and  the  air  may  be  heated,  cooled,  and 


Fig.  74-10.  The  future  may  see  man  exploring  and 
constructing  in  space  and  under  the  sea. 
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purified.  Such  an  enclosed  city  is  said  to  be 
encapsulated,  meaning  that  it  is  placed  with- 
in a covering  or  capsule.  It  would  be  heated 
and  air-conditioned  with  purified  air,  free 
from  all  pollution.  It  would  have  its  own 
nuclear  power  plant,  and  all  wastes  would 
be  reclaimed. 

Transportation  would  be  powered  by  en- 
gines which  would  release  no  pollutants  into 
the  air.  A high  standard  of  housing  would  be 
provided  for  all  the  people  in  the  city.  Most 
of  these  features  can  be  provided  by  present 
day  technology. 

Summary 

Unfulfilled  needs  of  the  present,  plus  those 
arising  in  the  future,  for  housing,  transporta- 
tion, water,  power,  industrial  development 
and  pollution-abatement  present  a major 
challenge  to  construction  technology. , 

To  meet  this  challenge,  there  must  be  de- 
veloped new  designs,  methods,  and  materials, 
as  well  as  additional  manpower  skills. 


Terms  to  Know 

obstacles 
modular  system 
dimensions 
prefabricated  units 
laminated  plastic 
remodeling 
encapsulated 
flexible 
epoxy  resins 


adhesives 
molded 
substandard 
computers 
data  processing 
system  analysis 
preservatives 
durability 
reclaimed  waste 


Think  About  It ! 

1.  Why  has  the  development  of  construction 
technology  been  slow  in  the  United 
States  ? 

2.  Within  the  next  30  years,  or  by  the  year 
2000,  what  changes  will  have  to  be  made 
if  we  are  to  meet  the  demands  for  struc- 
tures of  all  kinds? 


wrrrrsrrrii  HTvn*?,* 


f- 

I 

t 

|. 


Constructing 

Housing 


Practices  of  site  clearing,  setting  founda- 
tions, building  superstructures,  installing 
utilities,  and  finishing  projects  are  used  in 
building  houses,  just  as  they  are  used  in 
building  other  constructed  works.  However, 
house  building  equipment  usually  is  small  as 
compared  with  that  used  in  commercial  and 
heavy  construction.  Even  so,  each  year 
housing  construction  makes  up  more  than 
half  of  the  total  production  of  the  construc- 
tion industry. 

House  construction  has  been  important  to 
man  from  his  very  beginning.  In  this  lesson 
you  will  read  about  house  construction  of  the 
past,  the  present,  and  the  future.  Then,  for 
the  next  several  weeks,  you  will  study  house 
building  techniques  as  you  design  and  con- 
struct a model  of  your  dream  home. 
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Fig.  75-1.  Man’s  earliest  houses  were  caves. 
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The  Past 

House  construction  is  as  old  as  man.  From 
the  beginning,  man  had  to  have  shelter  to 
protect  him  from  animals  and  from  the 
weather.  The  first  houses  were  natural  shel- 
ters such  as  caves  and  rock  ledge  overhangs. 
Fig.  76-1.  As  man  left  his  caves  to  move  to 
new  hunting  grounds  about  20,000  B.C.,  he 
developed  movable  homes  much  like  the 
teepees  used  by  the  Plains  Indians  of  the 
United  States.  These  movable  homes  were 
made  of  animal  hides  stretched  over  a 
wooden  frame.  They  were  put  up  wherever 
man  found  a good  food  supply.  This  kind  of 


Fig.  75-2.  Early  houses  in  America  were  made  like 
this.  Men  wove  a lattice  of  saplings  to 
form  the  wall.  The  wall  was  then  plastered 
with  mud. 
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Oriental 


Spanish 


Georgian 


House  Styles 
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structure  is  still  used  today  by  the  nomads 
of  Northern  Africa  and  the  Near  East. 

Through  the  ages  man  changed  from  a be- 
ing who  moved  from  place  to  place  looking 
for  food  to  a being  who  settled  in  one  place. 
In  this  place  he  tamed  his  animals  and 
planted  his  crops.  It  was  at  this  time  that 
the  held  of  house  construction  began.  Man 
had  to  use  whatever  natural  materials  he 
could  hnd  to  build  his  houses.  At  first  there 
were  brush  houses,  stone  houses,  mud  wall 
houses,  log  houses,  and  houses  using  combi- 
nations of  these  materials.  Fig.  76-2.  A little 
later,  as  man  learned  to  make  bricks  from 
straw  and  mud,  there  were  brick  houses. 
These  materials  were  used  through'  the  ages 
and  are  still  used  even  today  to  construct 
homes. 

The  Present 

Man  of  today  is  a settled  being.  He  lives 
with  his  family  in  a house  close  to  his  place 
of  employment.  This  house  may  be  a conven- 
tional type  house,  a precut  house,  or  a pre- 
fabricated house. 

The  conventional  hous^  is  one  which  has 
all  the  construction  processes  done  at  the 


Tudor 


site.  The  material  is  brought  in  and  cut  to 
size  and  erected  on  the  site. 

The  VTecut  house  is  one  in  which  most  of 
the  material  is  precut  to  size  at  the  manu- 
facturing plant.  Then  it  is  brought  to  the 
site  and  erected. 

The  prefabricated  house  is  one  in  which 
the  house  is  constructed  in  sections  at  the 
factory  and  then  is  brought  to  the  building 
site  and  erected.  Some  houses  are  constructed 
using  combinations  of  these  three  kinds  of 
construction. 

The  area  of  house  construction  is  listed  by 
the  United  States  Department  of  Labor  as 
part  of  the  Contract  Construction  Industry. 
In  1966,  approximately  20%  of  the  entire 
labor  force  of  the  United  States  worked  di- 
rectly or  indirectly  in  occupations  which 
support  house  construction.  In  1966,  the 
gross  national  product  was  676.3  billion  dol- 
lars. Included  in  this  figure  was  the  total 
outlay  of  26.7  billion  dollars  for  nonfarm 
residential  buildings. 


The  Future 

The  trend  in  the  field  of  house  construc- 
tion will  be  to  the  suburban  kind  of  residen- 
tial areas.  These  will  be  located  near  cities 
where  most  of  the  future  centers  of  popula- 
tion will  be  located  to  meet  the  housing  needs 
of  city  workers. 

The  suburban  type  residential  areas  will 
be  made  up  of  town  houses,  apartments,  and 
individually  owned  houses.  There  are  many 
proposed  plans  of  construction,  and  most  of 
these  involve  the  use  of  prefabricated  or  pre- 
cut elements.  See  Fig.  76-3. 

Many  new  methods  of  house  construction 
will  be  developed  in  the  future  because  of 
new  materials  being  developed  and  the  engi- 
neering talent  being  used  to  create  new  build- 
ing systems.  The  adoption  of  these  new 
methods,  however,  will  not  be  easy.  The  new 
methods  must  be  cheaper  and  easier  to  use 
than  the  present  methods.  The  problem  of 
meeting  the  standards  of  local  building 
codes  and  labor  practice  will  demand  that 
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the  building  codes  and  regulations  be  rede- 
signed. 


Fig.  75-3.  Many  feel  that  the  planned  community, 
such  as  the  one  at  Reston,  Virginia,  will 
typify  suburbcin  housing  in  the  future.  The 
town  houses  and  apartments  are  owned  by 
the  residents. 


Summary 

The  field  of  house  construction  began  with 
early  man’s  need  to  protect  himself.  Now  the 
value  of  the  housing  produced  each  year  is 
more  than  half  the  total  value  of  the  annual 
production  of  the  construction  industry. 

The  housing  needs  of  the  future  will  re- 
quire the  building  of  two  million  units  a year 
beginning  in  1970.  In  the  construction  indus- 
try, there  is  a continuing  search  for  better 
methods  and  materials  to  make  possible  more 
efficient  and  comfortable  homes. 


Terms  to  Know 

conventional  house  occupations 
precut  house  residential 

prefabricated  house  planned  community 


Think  About  It! 

1.  Why  is  there  a greater  demand  for 
housing  units  now  than  ever  before  in 
history? 

2.  Do  most  of  your  classmates  live  in  apart- 
ments or  single  family  homes?  In  your 
community,  which  type  of  housing  is 
growing  more  rapidly?  Why? 
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You  have  studied  the  importance  of  the 
housing  industry  and  read  that  new  methods 
of  house  construction  will  be  developed  in 
the  future.  You  should  also  realize  that,  due 
to  changes  in  our  way  of  life,  families  will 
be  wanting  different  types  of  space  and  fa- 
cilities. In  thinking  toward  the  future,  pre- 
paring to  plan  your  dream  house,  you  should 
give  careful  thought  to  what  your  dream 
house  should  be  like.  Before  a site  is  se- 
lected, and  before  any  detailed  design  work 
begins,  a written  statement  should  be  drawn 
up  telling  what  the  family  who  will  live  in 
the  house  wants.  Fig.  76-1. 


Personal  Needs 

Even  within  one  area  there  are  wide  dif- 
ferences of  family  size  and  way  of  life.  A 
designer  must  understand  the  needs  and 
wants  of  a family  before  he  can  plan.  He 
must  know  how  many  people  are  in  the 


Fig.  76-1.  Before  plans  for  your  dreom  house  ore 
drowT),  your  family's  needs  ond  wonts 
should  be  determined. 


family,  how  they  live,  and  how  they  want 
to  live.  Fig.  76-2. 

The  space  needed,  especially  the  number 
of  bedrooms,  depends  on  the  size  of  the 
family.  Also,  size  of  the  house  depends  on 
what  the  family  wants  for  comfort  and  con- 
venience. Therefore  the  family’s  way  of  life 
should  be  known  and  written  down.  The 
family  members  may  not  have  thought  too 
much  about  what  they  want  until  they  are 
asked  about  it. 

The  designer  must  know  if  the  living  room 
is  to  have  dining  space  in  it.  The  kitchen 
must  be  carefully  thought  out,  and  needed 
equipment  must  be  listed.  For  example,  if 
a woman  bakes  a lot,  she  might  want  two 
ovens.  Number  and  sizes  of  bedrooms,  clos- 
ets, baths,  storage  spaces  and  special  spaces 
for  family  work  and  play  should  be  listed. 
Swimming  pools  and  recreation  rooms  might 
also  be  important  to  the  family. 

Immediate  personal  needs  are  what  the 
family  wants  now.  However,  future  needs 
also  should  be  thought  of.  It  is  much  cheaper 
to  plan  ahead  for  future  needs  than  to  have 
to  move  in  a few  years. 


Income  Requirements 

There  are  wide  differences  of  income  with- 
in an  area.  Each  family  must  sit  down  and 
carefully  figure  how  much  it  is  worth.  Fig. 
76-3.  The  statement  of  space  they  need  and 
money  they  have  or  can  get  very  often  con- 
flict. However,  figures  should  be  very  clearly 
stated.  Too  often,  people  have  mortgage  pay- 
ments that  are  very  hard  to  meet.  To  think 
big  is  fine  in  the  planning  stage.  However, 
a family  must  be  practical,  too. 
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Fig.  76-Z  Th®  designer  must  plon  the  house  around  the  needs  and  desires  of  the  family. 


•i  JO 


Fig.  76-3.  Careful  thought  and  consideration  must  be 
given  to  initial  planning. 


Fig.  76-4.  The  direction  of  the  wind  and  geographic 
conditions  are  very  important  in  selecting 
a site  for  your  home. 
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Before  a lending  institution  gives  out  a 
mortgage,  it  considers  many  things.  First, 
does  the  person  have  enough  assets?  Assets 
are  anything  of  any  value  that  can  be  easily 
turned  into  cash.  A car,  furniture,  real  es- 
tate, bonds,  stocks,  and  cash  are  all  assets. 
Second,  how  much  money  does  the  person 
make?  This  has  a great  bearing  on  the 
amount  of  mortgage  given.  Usually  a loan 
agency  figures  that  no  more  than  one  week’s 
pay  should  be  a monthly  payment.  It  also 
figures  that  the  total  cost  of  a home  should 
not  be  more  than  two  and  one-half  times  a 
person’s  income  a year.  Third,  how  reliable 
is  the  person?  In  other  words,  how  long  has 
he  held  recent  jobs?  Does  he  go  from  one 
job  to  another  often?  Are  his  bills  paid  on 
time?  Does  he  have  a good  reputation?  Is 
he  a good  provider  for  his  family?  Many 
times  these  last  things  are  the  ones  impor- 
tant to  whether  a person  gets  a mortgage  or 
not. 


Geographic  Conditions 

There  are  some  factors  in  the  design  pro- 
gram which  do  not  have  to  be  listed  because 
they  are  common  to  all  well-designed  houses 
in  a certain  area.  These  factors  include  such 
geographic  conditions  as  climate,  tradition, 
cost,  materials,  and  workmanship.  See  Fig. 
76-4. 

Local  climate  has  much  influence  on  de- 
sign. A house  built  in  Maine  is  much  differ- 
ent from  one  in  Florida.  Can  you  name  some 
of  these  differences?  Would  these  differences 
affect  the  cost  of  building? 

The  area  in  which  the  house  is  to  be  built 
often  influences  the  style  of  house  being 
planned.  There  are  areas  where  tradition  is 
important.  A great  change  from  this  is  not 
wanted.  If  you,  for  example,  are  going  to 
build  in  a highly  contemporary  or  modern 
area  where  there  are  many  flat-roofed, 
masonry-stucco,  one-story  homes,  you  would 
not  be  very  popular  with  the  neighbors  if 
you  built  a three-story  Colonial  home  with 
huge  pillars  in  front.  Whether  or  not  a home 
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is  sold  easily  depends  on  how  it  fits  the 
tradition  of  the  area. 

Having  materials  and  craftsmen  nearby 
also  affects  design.  In  most  areas,  materials 
from  that  area  are  widely  used  because  they 
usually  are  much  cheaper  and  easier  to  get. 
The  same  is  true  for  craftsmen.  If  you  have 
to  have  a craftsman  brought  in,  it  is  much 
m^re  expensive.  He  must  be  paid  for  travel 
and,  in  many  cases,  for  food  and  a place  to 
stay.  He  usually  must  be  paid  more  because 
he  generally  is  much  in  demand. 


Architectural  Design 

Most  people  thinking  about  a house  have 
a definite  picture  in  mind.  The  purpose  of 
the  design  process  is  to  design  a house  that 
the  person  wanting  it  likes. 

Size,  material,  and  color  are  important 
factors  in  appearance.  The  overall  measure- 
ments of  the  house  are  related  to  room  size 
and  ceiling  heights.  Dimensions  for  rooms 
wanted  should  be  compared  with  rooms 
whose  measurements  are  known  and  can  be 
seen. 

Most  home  designs  fall  under  two  main 
styles.  First,  there  are  traditional  homes. 


Fig.  76-5.  This  contemporary  plywood  house  meets 
the  needs  of  a family's  size,  taste,  and 
functions. 

*±QU 


These  are  built  in  styles  and  customs  from 
the  past.  These  include  Colonial,  Georgian, 
Tudor,  Spanish,  Cape  Cod,  Oriental,  and 
many  others.  Second,  there  are  contempo- 
rary homes,  Fig.  76-6.  Contemporary  means 
being  of  the  present  time  or  age.  These  in- 
clude ranch,  split  level,  multilevel,  and  other 
modern  designs. 


Summary 

A dream  house  can  become  a reality  if 
certain  basic  steps  are  followed.  Fig.  76-6. 
The  size,  tastes,  and  functional  desires  of 
the  family  should  be  studied.  The  family’s 
income  and  their  geographic  and  design 
choices  also  are  important.  In  addition,  you 
need  to  look  into  the  future  to  try  to  decide 
what  will  be  needed  then.  A family  and  its 
needs  change,  but  once  a house  is  built,  it 
remains  much  the  same. 

The  design  of  a house  should  depend  upon 
the  needs  and  wants  of  the  family.  What 


Fig.  76-6.  A dream  house  becomes  o reality  If 

careful  planning  and  thought  ore  given  to 
the  project. 


Your  Dream  House 


447 


they  desire  should  be  written  out  to  form 
a program  which  can  be  used  by  the  de- 
signer. This  information  is  important  in  the 
design  of  a dream  house. 


Terms  to  Know 

designer 

income  requirements 
mortgage  payments 


geographic  conditions 
architectural  design 
tradition  of  the  area 


assets 

reliable 

Think  About  It ! 


traditional  homes 
contemporary  homes 


1.  How  many  friends  do  you  know  that  live 
in  what  they  would  call  their  dream 
house!  What  are  some  reasons  that  some 
may  not  live  in  a dream  house? 

2.  What  can  you  do  now  and  within  the 
next  15  to  20  years  to  help  you  obtain 
your  dream  house? 


ykojL 


Selecting  and 
Purchasing  a Lot 


When  you  build  a house,  it  must  be  con- 
structed on  a piece  of  land.  Your  choice 
about  which  piece  of  land  to  use  may  be  more 
important  than  the  design  of  the  house  itself, 
Fig.  77-1. 


Topography 

In  judging  a site  or  lot,  the  topography  is 
important.  The  relief  and  the  locations  of 
natural  features  and  any  man-made  struc- 
tures are  noted.  The  kind  of  soil,  soil  condi- 
tions, and  drainage  must  be  known.  Test  pots 
or  holes  can  be  dug  cheaply  to  determine 
what  is  below  ground.  Fig.  77-2. 


Zoning 

Residential  construction  must  follow  what- 
ever zoning  and  planning  regulations  apply 
in  the  neighborhood.  The  size  or  money  value 
of  the  house  sometimes  i-  controlled.  Zoning 
regulations  may  limit  how  much  of  the  lot 
may  be  covered  with  structures.  They  also 
may  give  easements  and  minimum  setbacks 
from  property  lines. 

A site  not  governed  by  zoning  regulations 
may  cause  serious  problems.  For  example,  if 
you  build  or  buy  a home  in  an  area  without 
zoning,  you  may  find  later  that  a noisy  fac- 
tory or  some  other  large  structure  is  being 
built  right  next  door  to  you. 


Fig.  77-1.  The  lot  that  is  chosen  will  influence  the  P'9-  77-2.  If  you  do  not  know  the  condition  of  the 

kind  of  living  and  enjoyment  that  the  subsurface  on  your  site,  o test  boring  of 

family  has.  ^ ^ 
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Utilities  and  Services 

Water,  electricity,  and  facilities  for  sew- 
age disposal  should  be  available  at  the  house 
site  or  nearby.  Fuel  gas  and  telephone  serv- 
ice are  usually  necessary.  If  any  of  these  is 
not  available  at  the  site,  the  distance  to  the 
connections  should  be  considered.  Long  con- 
nections may  be  very  expensive  to  put  in 
and  to  service. 


fire  house  or  water  hydrant  may  have  a di- 
rect bearing  on  your  fire  insurance  rate.  The 
location  with  regard  to  schools  and  the  qual- 
ity of  the  schools  are  important  concerns  in 
picking  a home  site.  Home  owners  also 
should ’check  how  far  they  must  travel  to 
satisfy  their  shopping  needs.  The  nearness 
of  public  transportation,  medical  services, 
and  recreation  areas  also  should  be  consid- 
ered in  selecting  a lot.  Fig.  77-3. 


Many  sites  lack  some  of  these  public  util- 
ities and  services.  Then  private  facilities  can 
be  considered.  For  example,  the  lot  owner 
may  have  a well  drilled  and  pumps  installed 
to  furnish  water. 


Other  Checks  for  Lot  Selection 

The  availability  of  public  services  affects 
the  value  of  property.  The  distance  from  a 


Fig.  77-3.  Are  there  schools  and  shopping  centers 
neoruy? 


Cost 

Tax  rates  are  different  in  different  areas. 
You  should  find  out  about  the  local  tax  rate 
and  what  taxes  must  be  paid  on  the  site  that 
you  are  considering.  A person  could  pur- 
chase a site,  only  to  find  that  he  could  not 
afford  to  nay  the  taxes  if  he  built  on  it.  On 
the  other  hand,  high  tax  rates  may  refiect 
very  good  schools  and  other  services,  which 
improve  property  value.  Fig.  77-5. 

It  is  also  wise  to  find  out  what  assessments 
or  debts  there  are,  if  any,  on  the  property. 
Sometimes  payments  for  public  utilities  and 


Fig.  77-4.  Are  you  going  to  live  in  a city  or  in  the 
country,  on  flat  or  sloped  land?  If  you 
travel  frequently,  you  may  want  to  live 
near  the  airport.  If  you  do  not,  the  noise 
from  the  airport  moy  be  disturbing. 
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streets  are  charged  to  the  properties  which 
they  serve.  These  payments  affect  the  price 
of  the  lot.  See  Fig.  77-6. 

How  much  should  be  paid  for  a lot?  This 
varies  according  to  the  price  of  the  home 
you  wish  to  build.  It  will  cost  you  the  same 
amount  to  build  the  same  house  on  a low 
cost  lot  as  it  will  on  an  expensive  lot.  In 
most  cases  you  will  have  better  resale  value 
if  you  pick  a better  lot.  It  is  not  wise  to  place 
a $50,000  home  on  a lot  worth  $1,000  or  a 
$10,000  home  on  a $16,000  lot.  Each  person 
must  use  his  own  good  judgment  as  to 
whether  the  lot  he  is  considering  fits  the 
value  of  his  planned  house.  There  is  no  set 
ratio  or  formula  that  can  be  used. 


The  Purchase  Offer 

After  a buyer  chooses  a lot,  he  must  enter 
into  a contract  for  buying  it.  Usually  the 
first  step  is  for  the  buyer  to  make  a purchase 
offer.  This  offer  is  a written  or  spoken  agree- 
ment to  buy  a lot  from  its  owner  for  a cer- 
tain amount  of  money. 


Terms  and  Conditions 

Your  purchase  offer  should  describe  the 
lot,  state  the  price  you  are  willing  to  pay, 
name  a closing  date,  and  state  the  amount  of 
the  deposit  or  binder  money.  By  requiring 
these  terms  and  conditions,  a buyer  protects 
himself  against  some  kinds  of  future  prob- 
lems. 


Professional  Counsel 

Many  professional  people  can  help  you  in 
a real  estate  transaction.  The  first  is  the 
realtor  who  lists  and  sells  the  property. 
Later  your  lawyer  will  prepare  the  purchase 
offer  or  contract,  check  to  make  sure  the  lot 
is  clear  of  liens  and  claims,  and  figure  out 
the  closing  costs.  Each  of  these  men  or 
women  receives  a fee  or  commission  for  their 
professional  services. 

Usually  a surveyor  is  involved  in  a real 
estate  deal.  His  job  is  to  provide  a survey 
showing  (1)  all  boundaries;  (2)  the  exact 
size,  shape,  and  level  of  your  lot;  and  (3) 
the  position  of  topographic  features  such  as 
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Fig.  77-5.  The  municipal  or  county  tax  office  can 

tell  you  what  taxes  would  have  to  be  paid 
on  the  lot  you  are  considering. 

M 


Fig.  77*6.  Electricity  is  provided  on  this  lot  for  the 
convenience  of  potential  home  owners. 
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wells,  streams,  roads  or  streets,  and  utility 
lines.  He  is  paid  by  either  the  buyer  or  seller, 
as  agreed  in  the  contract. 

A banker  or  lending  institution  may  be 
involved  either  by  furnishing  advice  or  by 
lending  money  for  the  financing  of  a lot. 

Titles  and  Deeds 

After  your  lawyer  has  prepared  or  exam- 
ined the  deed  and  after  the  closing  has  taken 
place,  the  deed,  abstract,  and  survey  are 
taken  to  the  county  court  house  or  county 
seat.  There  a Registrar  of  Deeds  sees  that 
they  are  officially  recorded  or  registered. 
This  makes  the  transaction  legal.  Fig.  77-7. 
Recording  the  deed  and  abstract  insures  the 
buyer  that  if  he  loses  his  copy  he  can  obtain 
another  copy.  As  the  owner  “of  record”  he 
is  protected  by  many  laws  and  also  has  some 
legal  responsibilities.  The  deed  and  abstract 
become  part  of  the  public  record  and  can  be 
examined  by  anyone  wishing  to  do  so.  Many 
times  a copy  of  the  survey  is  also  recorded 
along  with  the  deed. 


want  to  check  to  see  if  zoning  regulations, 
public  services,  schools,  churches,  shopping 
centers,  and  recreational  facilities  are  satis- 
factory. 

Soil  conditions  and  terrain  will  need  to  be 
carefully  checked  before  the  site  is  pur- 
chased. Other  factors  such  as  easy  access, 
natural  features,  and  cost  must  be  consid- 
ered. 

In  making  a purchase  offer,  you  are  agree- 
ing to  buy  a lot  for  a set  price  under  certain 
stated  terms  and  conditions.  When  both  you 
(as  the  buyer)  and  the  seller  have  signed  a 
purchase  offer,  it  becomes  a legal  contract. 

Many  fees  are  involved  in  purchasing 
property.  There  are  closing  costs  and  com- 
missions (fees)  for  the  realtor,  lawyer,  and 
the  surveyor. 

After  the  abstract  and  deed  have  been 
drawn  up  and  signed  by  both  parties,  they 
are  recorded  with  the  Registrar  of  Deeds. 
The  deed  shows  the  transfer  of  the  property 
and  lists  you  as  the  new  owner.  The  abstract 
shows  the  history  of  your  property.  After  all 
papers  are  recorded,  you  become  the  legal 
owner,  and  the  papers  become  a part  of  pub- 
lic record. 


Summary 

As  the  head  of  a family,  ready  to  buy  a 
lot  and  build  a house,  you  should  judge  both 
the  present  and  the  future  character  of  the 
neighborhood  you  are  considering.  You  will 


Fig.  77-7.  Deeds  are  filed  in  the  office  of  the  county 
Registrar  of  Deeds.  Your  lawyer  and 
county  officials  can  help  you  get 
information  from  ’hese  records. 


Terms  to  Know 


topography 
relief  of  the  land 
zoning  regulations 
setbacks 
easements 
resale  value 
purchase  offer 
closing  date 
closing  cost 


deposit  (binder  money) 

transaction 

realtor 

abstract 

deed 

Registrar  of  Deeds 
terrain 
contract 
commission 


Think  About  It! 


1.  What  things  should  you  consider  when 
you  are  deciding  what  community  you 
would  like  to  live  in  ? 

2.  Why  are  lawyers,  realtors,  and  banks  im- 
portant in  the  process  of  selecting  and 
purchasing  a piece  of  land? 
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Selecting  A Homesite 


Topography 


Identifying  Available  Sites 


Feasibility 

Study 


Purchase  Offer 


Negotiation 

I 

Closing 

Recording 
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Cost 
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Planning  the 
Living  Space 


Many  activities  go  on  in  a home,  and  the 
house  must  be  designed  for  them.  House- 
hold activities  may  be  broken  down  into  two 
groups:  basic  and  nonbasic.  Both  groups  arc 
considered  when  designing  a house  or  mak- 
ing up  a design  program,  Fig.  78-1.  Basic 
activities  are  those  which  occur  in  all  homes. 
Nonbasic  activities  are  those  which  are  not 
necessarily  carried  on  in  all  homes.  (Non- 
basic activities  like  sewing  or  refinishing 
furniture  might  be  quite  important  in  homes 
where  they  do  occur.) 

When  the  activities  to  be  housed  have 
been  identified,  room-relationship  diagrams 
are  drawn.  Based  on  these  diagrams,  the 
drawings  used  in  construction  are  prepared. 


Fig.  78-1  A designer  should  plan  a house  for  basic 
ond  nonbasic  activities. 


Basic  Activities 

The  basic  activities  v'hich  go  on  in  a house 
require: 

1.  Sleeping  spaces, 

2.  Eating  spaces, 

3.  Relaxing  spaces,  and 

4.  Washing  spaces. 

One  further  need  is  storage  space.  Some 
storage  space  will  be  required  near  almost 
all  of  the  spaces  listed  above.  Space  is 
needed  for  food,  clothes,  medicine,  books, 
household  appliances,  and  many  other  items. 

Spaces  for  basic  activities  are  usually 
divided  into  separate  areas.  For  example, 
bedrooms  and  bathroom.?  generally  are  sep- 
arated. In  the  same  way,  the  living  room, 
used  for  relaxation,  and  the  kitchen,  used 
for  cooking,  are  separated. 


Fig.  78-2.  A do-it-yourself  home  worbhop  is 
ccfisidered  a nonbasic  area. 
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Nonbasic  Activities 

Nonbasic  activities  are  those  that  are  not 
always  needed,  ^\^lat  is  included  as  non- 
basic depends  on  family  likes  and  needs.  For 
example,  a man  who  enjoys  "doing-it-him- 
seir*  may  consider  a large  work  space  as 
basic,  Fig.  78-2.  In  most  homes,  however, 
a workshop  is  not  necessary  for  comfortable 
living.  Dens,  studies,  dressing  rooms,  chil- 
dren's playrooms,  and  sewing  rooms  are  ex- 
amples of  nonbasic  parts  of  houses.  Non- 
basic rooms  are  planned  and  added  according 
to  the  likes  and  needs  of  the  family  or  in- 
dividual building  a house. 


Quiet  and  Noisy  Areas 

When  a house  is  planned  and  designed, 
it  is  a good  idea  to  keep  quiet  and  noisy 
rooms  apart  from  each  other.  'The  sleeping 
and  study  spaces  should  be  placed  close  to- 
gether, but  separated  from  the  noisier  spaces 
where  people  will  eat  and  work.  Fig.  78-3. 


Planning  Rooms 

After  listing  the  spaces  wanted  in  a house 
and  separating  the  quiet  areas  from  the 
noisy  areas,  we  begin  to  plan  sizes  for  all 
the  areas  and  to  think  of  them  as  rooms. 
There  are  several  things  to  consider  when 
planning  a room.  Most  important,  perhaps, 
is  the  way  in  which  the  room  will  be  used. 
'The  purposes  of  the  room  will  largely  deter- 
mine the  planning  of  doors,  windows,  light- 
ing, size,  and  what  will  be  built  into  the 
room.  Fig.  78-4.  For  example,  a bathroom  is 
used  for  washing.  Its  purpose  tells  us  that 
it  need  not  be  as  large  as  a living  room  used 
for  relaxing.  Nor  would  a bathroom  have 
large  picture  windows,  as  do  many  living 
rooms. 

When  a room  is  very  long  and  narrow,  it 
is  usually  hard  to  arrange  the  furniture  in 
it.  A room  that  is  very  large  with  a high 


furniture  may  seem  lost  in  such  a room.  If 
a room  is  too  small,  you  may  have  a boxed- 
up  or  stuffy  feeling,  and  the  area  may  not  be 
big  enough  for  the  activities  planned. 

These  mistakes  can  be  overcome  by  fol- 
lowing basic  rules.  Generally,  it  is  good 


Rg.  78-3.  Quiet  ond  noisy  oreos  should  be  seporofed. 


Fig.  784.  In  plonning  'iving  spoce,  one  must 

consider  fh?5  view,  tfoffic  patterns,  and 
placement  of  furniture. 


ceiling  may  be  hard  to  heat  evenly.  Also, 
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practice  to  plan  a room  so  that  ita  width  is 
two-thirds  of  its  lengrth.  For  example,  a room 
10'  wide  should  be  15'  long  since  the  ratio 
10  to  16  is  the  same  as.  the  ratio  2 to  3. 
This  is  only  a general  rule,  however. 

An  important  feature  to  consider  while 
planning  a room  is  what  kind  of  furniture 
will  go  into  it  If  furniture  is  not  considered 
at  the  planning  stage,  you  may  find  yourself 
standing  in  the  middle  of  a finished  room 
wondering  -where  to  put  your  special  easy 
chair  or  the  piano. 


Traffic  Flow  in  the  House 

Traffic  flow  refers  to  the  paths  people 
take  in  petting  from  one  area  to  another  in 
a hotise.  'This  must  be  planned  at  the  very 
beginning  so  that  people  may  go  from  one 
area  to  another  easily.  In  deciding  what 
traffic  areas  are  needed,  you  must  consider 
the  kinds  of  activities  which  each  family 
member  will  have  and  the  various  reasons 
for  moving  from  one  room  to  another.  De- 
cide which  areas  will  have  people  walking 


Fig.  78-5.  This  floor  plan  of  a house  shows  the 
traffic  flow  for  twenty-four  hours. 


through  them  most  often.  Traffic  flow  is  a 
factor  in  deciding  whether  the  house  should 
be  one  story  or  two  and  whether  a separate 
hall  or  corridor  is  needed.  The  area  used 
for  the  flow  of  traffic  in  a house  generally 
takes  up  about  10  percent  of  the  total  area. 
Fig.  78-6. 


Models 

A house  is  often  a person's  first  exposure 
to  building  and  design.  Plans  and  elevations 
may  not  be  enough  to  help  him  understand 
the  design.  To  help  his  clients  understand 
plans,  the  designer  uses  perspective  draio- 
ings,  models,  or  both.  These  make  the  plans 
more  meaningful  to  the  client  and  show  him 
clearly  what  the  designer  has  in  mind.  A 
designer  may  make  models  for  his  own  use, 
too.  'They  often  help  him  get  a better  picture 
of  site  layout,  details,  and  appearance.  See 
Fig.  78-6. 


Fig.  78-6.  Building  a scale  model  of  o house  helps 
the  designer  end  homeowner  to  see  what 
the  house  will  look  like.  Models  also  help 
to  solve  structural  problems. 
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Preliminary  Budget  (Cost) 

In  planning  and  designing  a house,  cost 
is  very  important.  For  this  reason,  it  is  im- 
portant to  plan  carefully  how  your  money 
will  be  spent.  There  are  three  major  costs 
in  building  a house.  These  are: 

1.  Buying  the  site  or  land  on  which  to 
build, 

2.  Paying  people  such  as  architects,  en- 
gineers, and  lawyers  to  design  and  give 
advice  about  the  house,  and 

3.  Paying  for  materials  and  construction. 
You  must  decide  how  your  money  will  be 
divided  among  these  three  major  costs. 

As  an  example,  suppose  you  have  $15,000 
to  spend  for  a house.  You  might  spend 
$3,000  for  buying  the  site,  $1,000  for  de- 
sign and  advice,  and  $11,000  for  construc- 
tion. It  is  a good  idea  to  save  a small  amount 
of  money  for  emergencies  which  may  come 
up  later.  Also,  you  will  need  additional 
money  for  furnishings.  Their  cost  is  usually 
not  considered  to  be  part  of  the  cost  of  the 
house. 

At  the  planning  stage,  your  estimates  will 
be  very  rough,  and  you  may  wish  to  change 
your  plans  later.  You  might  hnd  that  for  an 
extra  $200  you  could  buy  a much  better 
site.  If  you  decide  to  do  this,  you  will  have 
$200  less  to  spend  on  advice  and  construc- 
tion. 

Perhaps  you  find  that  you  do  not  have 
enough  money  to  build  all  the  rooms  you 
want,  Fig.  78-7.  Then  you  have  several 
choices.  You  may  give  up  some  of  the  rooms. 
You  may  ask  the  designer  for  a house  plan 
that  will  let  you  add  rooms  at  a later  date. 
You  may  decide  to  spend  less  for  the  site.  It 
is  not  wise  to  cut  costs  by  using  poor  mate- 
rials in  the  house.  You  may  pay  later,  in  re- 
pairs and  replacements,  much  more  than  you 
saved. 


Hidden  Costs  (Service  Needs) 

A house,  just  like  a car,  will  need  servic- 
ing, Fig.  78-8.  Services  are  paid  for  over  a 


long  period  of  time.  Because  of  this,  many 
people  don’t  realize  how  high  these  costs 
are.  Sometimes  the  total  of  all  these  costs 
have  been  higher  than  construction  costs. 

The  choice  of  materials  used  for  building 
and  the  way  the  house  is  constructed  help 
determine  the  amount  of  servicing  that  w’ill 
be  needed  later.  Cheap  materials,  bad  design, 
and  poor  workmanship  almost  alw'ays  lead 
to  high  repair  and  maintenance  costs.  While 
designing,  planning,  and  building,  question 
the  "cheap  deals.”  It  will  save  money  later. 


Rg.  78-7.  Price  may  force  one  to  moke  o room,  or 
the  entire  house,  smoller  or  less  luxurious. 
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Fig.  78-8.  The  cost  of  semcing  both  interior  ond 
exterior  features  must  be  considered. 
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Summary 

Certain  activities  in  a house  are  called 
basic.  These  are  eating,  sleeping,  relaxing, 
and  washing.  Other  activities  are  nonbasic. 
They  depend  on  personal  likes.  Examples  of 
nonbasic  features  or  rooms  are  dens,  work* 
shops,  and  dressing  rooms.  A house  is  plan* 


ned  around  a family’s  needs  for  basic  and 
nonbasic  activities. 

In  the  planning  stages  of  a house,  it  is 
best  to  keep  rooms  for  noisy  activities  apart 
from  rooms  intende*!  for  quiet  activities. 
Sizes  are  chosen  for  e,  :h  room  according  to 
the  purposes  of  the  rooms  and  how  you  will 
want  to  furnish  them.  Space  for  traffic 


Planning  Living  Spaces 
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throughout  the  house  should  be  planned. 
Next,  room-relationship  diagrams  are  made. 

Designers  may  use  models  and  perspective 
drawings  in  explaining  a design.  Some  people 
find  it  hard  to  read  and  understand  plans, 
elevations,  and  sections.  A model  can  be  of 
great  help  to  such  people. 

Planning  includes  drawing  up  a rough 
budget  You  must  decide  how  much  to  spend 
for  the  site,  for  professional  advice,  and  for 
construction.  You  must  also  keep  in  mind  the 
costs  of  servicing  your  house  over  a long 
period  of  time.  Your  budget  may  require  re- 
designing some  of  the  spaces  or  features  be- 
fore the  final  design  and  detailed  drawings 
are  made. 


Terms  to  Know 

basic  activities 
non  basic  activities 
traffic  fiow  (inside) 
perspective  drawings 
scale  model 


estimate 

budget 

space  relationship 
service  costs 


Think  About  It! 

1.  Does  your  present  home  have  enough 
space  to  carry  on  all  basic  activities?  If 
not,  which  activities  require  more  space? 

2.  On  a piece  of  notebook  paper,  make  a 
sketch  of  the  floor  plan  of  your  home. 
Identify  the  traffic  pattern  for  a typical 
day. 
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Preparing 
Working  Drawings 


The  basic  design  of  a house  must  be 
finished  before  working  drawings  can  be 
made.  All  the  information  needed  for  build* 
ing  a house  is  given  by  a set  of  working 
drawings  and  specifications.  TTiis  reading 
will  describe  working  drawings,  what  they 
are,  and  why  they  are  needed. 

The  Plot  Plan 

A plot  plan  is  a drawing  of  the  top  vieiv 
of  a lot.  Fig.  79-1.  Its  major  purpose  is  to 
show  where  the  house  goes  on  the  lot.  The 
lot  size  is  given  in  feet  and  tenths  of  a foot 
The  house  is  located  from  the  street  (the 
front)  and  from  the  sides  of  the  lot  The 
locations  of  wells,  septic  tanks,  sewer  lines, 
gas  lines,  and  water  lines  also  are  shown. 
Often  other  information  is  given,  such  as 
the  locations  of  sidewalks,  driveways, 
streams  of  water,  trees,  and  many  other 
features. 

The  plot  plan  should  also  give  the  elevation 
of  the  ground  levels  of  the  house  above  the 
local  datum  level.  Elevations  of  the  first 
floor,  the  garage  floor,  the  finished  curb,  the 
crown  of  the  street,  and  the  finish  grade 
level  of  each  main  corner  of  the  house  should 
be  shown.  The  datum  level  is  an  assumed 
basic  level  which  is  used  as  a reference  for 
determining  heights.  In  many  areas  this 
datum  level  is  a part  of  the  building  code, 
and  it  controls  all  building  standards  for  that 
area. 

When  sanitary  sewers  are  not  available, 
septic  tanks  are  required  for  the  sanitary 
disposal  of  waste.  The  size  of  the  tank  and 
the  length  of  leaching  (slow  draining)  lines 
are  controlled  by  local  and  state  codes.  The 
septic  tank  and  leaching  field  are  not  usually 


drawn  on  the  plumbing  plan,  but  they  are 
placed  on  the  plot  plan. 

Landscaping  can  be  shown  on  the  plot 
plan.  However,  this  is  usually  put  on  a sepa- 
rate drawing  in  order  to  avoid  confusion. 


Floor  Plans 

The  most  important  single  working  draw- 
ing is  the  floor  plan.  All  other  drawings 
depend  on  it.  The  floor  plan  is  a horizontal 
section  through  the  building.  Fig.  79-2.  It 
is  usually  taken  just  below  the  tops  of  the 
windows  and  doors.  The  main  purpose  of  the 
floor  plan  is  to  show  the  locations  of  the 
walls,  partitions,  and  all  openings.  A very 
simple  floor  plan  will  show  only  this.  How- 
ever, most  floor  plans  show  much  more  de- 
tail. In  a complete  set  of  plans  for  a large 
project,  data  about  plumbing,  electrical, 
heating,  and  air  conditioning  systems  are 
placed  on  separate  sheets.  On  small  jobs, 
this  information  may  be  placed  on  the  floor 
plan. 

For  a two-story  building,  the  first  floor 
must  be  drawn  first.  The  exterior  (outside) 
walls  of  the  second  floor  can  be  traced  from 
the  first-floor  plan  if  they  are  directly  over 
it.  If  the  walls  of  the  second  floor  are 
different  or  set  back,  structural  support 
must  be  put  underneath.  This  is  shown  by 
dashed  lines  on  the  plan  for  the  floor  below. 
Interior  (inside)  walls  do  not  necessarily 
have  to  line  up  unless  they  are  bearing  walls 
or  unless  they  contain  vents  or  piping  from 
the  wall  below.  Stairways  must  be  carefully 
lined  up,  and  space  must  be  allowed  for  head 
room. 
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Fig.  79<1.  Plot  and  grading  plans.  Scale  1 
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ExteHor  Elevations 

An  exterior  elevation  is  a working  draw^ 
ing  that  bi.owa  the  finished  appearance  of 
one  side  of  the  outside  of  a building,  Fig. 
79-3.  Each  elevation  shows  one  view  of  the 
building  based  on  the  floor  plan  and  the 
structural  sections.  All  surface  materials 
are  shown.  The  locations  of  important  struc- 
tural features  such  as  the  floor  line,  plate 
line,  and  window  and  door  heights  arc  given. 


Preparing  Working  Drawings 

Enough  exterior  elevations  are  drawn  to 
give  a complete  description  of  the  building. 


Structural  Sections 

Structural  sections  are  views  taken 
through  a building  at  points  which  will  best 
show  the  details  of  important  structural  and 
architectural  features.  Whenever  there  is  a 
change  in  shape  or  construction  methods,  a 
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new  section  must  be  drawn.  Generally  the 
structural  sections  are  drawn  on  separate 
sheets  and  to  a larger  scale  than  the  general 
drawings.  Section  drawings  show  how  mea- 
surements compare  among  foundation,  floor, 
wall,  ceiling,  and  roof  systems.  See  Fig.  79-4. 


Details 

Because  working  drawings  are  drawn  to  a 
small  scale,  certain  parts  of  a building  need 


separate,  more  complete  drawings.  These  are 
the  detail  drawings.  As  the  main  drawings 
are  made,  the  architect  notes  parts  that 
should  be  detailed.  Then,  when  he  is  ready 
to  detail,  he  has  a list  at  hand  and  will  not 
need  to  search  through  the  plans  to  And  out 
where  the  problems  are. 

Details  may  be  divided  into  two  broad 
groups;  (1)  standard  details  and  (2)  custom 
or  "one  of  a kind"  details. 

Standard  details  usually  are  repeated 
many  times  throughout  a building.  Most  of 


Fig.  79-3.  Exterior  elevotions.  Scole  = 1 

4(0 


463 


Preparing  Workhig  Drawings 


r 


Fig.  79-4.  Wall  sections.  Scale  Va 
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them  are  used  so  often  in  construction  that 
they  are  well  known  both  to  the  designer 
and  to  the  contractor.  For  example,  a stand- 
ard detail  might  show  a window  of  a stand- 
ard size  and  type.  Manufacturer’s  details  are 
usually  excellent  and  widely  known  to  both 
designers  and  contractors.  Drawings  need 
not  be  cluttered  with  standard  details  such 
as  these.  Details  of  standard  window  sec- 


tions, door  knobs,  light  fixtures,  and  so  forth 
are  generally  not  needed.  They  can  be  iden- 
tified on  the  plans  by  a reference  number. 

Custom  details  usually  show  the  solution 
of  a problem  peculiar  to  a particular  house. 
Thus,  examples  of  custom  details  might  be 
a specially-designed  staircase  or  the  method 
by  which  special  kitchen  cabinets  are  to  be 
built  and  fitted  into  the  kitchen.  They  differ 
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from  standard  details  in  that  they  are 
specially  designed  for  one  house,  and  they 
usually  occur  only  once  in  the  building. 

Both  standard  and  custom  details  may  be 
further  divided,  as  follows : 

1.  Structural  details  (those  related  to  the 
structure), 

2.  Plumbing  and  wiring  details  (those  re- 
lated to  utility  systems),  and 

3.  Finish  details  (those  related  to  finished 
surfaces  such  as  wall  paneling,  stairs, 
and  cabinet  work). 

Generally  the  architect  works  out  the  struc- 
tural details  before  completing  the  utility 
and  finish  details. 

The  items  most  often  needing  detailing  are 
stairs,  fireplaces,  cabinets,  and  other  built- 
in  and  special  construction  designs.  Details 
of  cornice  construction  are  a good  example 
of  special  construction  design.  . 

Foundations  or  Basement  Plans 

The  basement  plan  shows  the  basement 
layout  and  the  footings.  When  no  basement 
is  to  be  built,  there  must  be  a foundation 
plan  which  shows  the  footings  and  founda- 
tion wall,  Fig.  79-6. 

Many  kinds  of  foundations  and  floor  sys- 
tems are  in  use  today.  Two  types  are  used 
most  often  in  house  construction.  One  type, 
wood  floor  construction,  uses  exterior  foun- 
dation walls  and  interior  supports  to  carry 
the  construction  load  above  grade.  The  other 
type,  concrete  floor  or  slab  construction, 
uses  footings  to  carry  the  wall  load.  The 
floor  load  is  carried  by  the  soil  under  the 
slab. 

Each  type  of  foundation  has  advantages. 
Wood  has  better  texture  and  appearance 
than  concrete.  It  is  easier  to  install  plumbing, 
heating,  and  electrical  lines  in  wood  floor 
construction.  Concrete  floors  are  usually 
cheaper  and  quicker  to  build  than  wood 
floors.  They  also  are  quieter,  because  noise 
is  not  easily  transmitted  through  concrete. 

The  floor  plan  can  be  followed  as  a guide 
in  drawing  a foundation  plan.  Much  time  can 


be  saved  by  taping  a piece  of  tracing  paper 
over  a floor  plan  and  tracing  the  exterior 
walls  and  the  locations  of  such  features  as 
fireplaces,  chimneys,  and  stairways. 

A basement  plan  includes  (1)  windows, 
(2)  doors,  (3)  columns  and  girders  needed 
to  support  load  bearing  walls,  (4)  the  heat- 
ing plant,  (5)  the  water  heater,  (6)  foot- 
ings, (7)  laundry  facilities,  (8)  underground 
plumbing,  and  (9)  partitions. 


Roof  Plan  and  Joist  Layout 

On  small  residential  construction,  joist 
details  are  given  to  show  the  placement,  size, 
and  spacing  of  the  flooring  system.  Normal- 
ly, information  on  the  roof  plan  is  limited  to 
the  type  of  roof,  its  pitch,  and  a typical  sec- 
tion to  show  placement  of  principal  roof 
members.  All  structural  members  are  shown 


Fig.  79-6.  Basement  heating  plan. 
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in  their  proper  relationship  based  on  the 
other  portions  of  the  plan. 

Electrical  Plan 

The  electrical  drawing  is  a plan  view  of 
the  building,  which  is  begun  with  a tracing 
from  the  floor  plan.  When  finished,  it  shows 
the  service  entrance  and  meter,  all  the  elec- 
trical outlets  and  controls  in  the  house,  and 
a description  of  all  the  symbols  used  on  the 
drawing.  Before  starting  the  actual  electri- 
cal drawings,  it  is  necessary  to  plan  the  kind, 
number,  and  the  location  of  outlets.  These 
decisions  are  based  upon  lighting  needs,  the 


locations  of  electrical  appliances,  and  re- 
quirements of  the  electrical  code  or  Bureau 
of  Fire  Underwriters. 

Heatini?,  Ventilating,  and  Air 
Conditioning  Plan 

Figures  79-6  and  79-7  show  the  plan  view 
of  the  building.  The  drawings  are  based  upon 
a tracing  from  the  floor  plan.  They  show  all 
heating,  ventilating,  and  air  conditioning 
equipment  above  and  below  ground.  Sizes 
and  kinds  of  all  lines,  ducts,  and  equipment 
are  shown.  This  plan  must  fit  in  with  the 
structural  sections,  the  floor  plan,  and  plumb- 


Fig.  79-7.  First  floor  heating  plan. 
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ing  and  electrical  plans.  Much  thought  must 
be  given  to  coordinating  these  plans.  Supply 
and  return  lines  must  not  get  in  the  way  of 
the  structural  members  such  as  floor  joists, 
beams,  plates,  and  studs.  Headers  and  trim- 
mers may  be  necessary  where  structural 
members  have  to  be  cut. 


(1)  the  plot  plan,  (2)  floor  plans,  (3)  ex- 
terior elevations,  (4)  structural  sections, 
(5)  details,  (6)  foundation  or  basement 
plan,  (7)  roof  plan  and  joist  layout,  (8) 
electrical  plan,  (9)  heating,  ventilating,  and 
air  conditioning  plan,  and  (10)  the  plumbing 
plan. 


Plumbing:  Plan 


Terms  to  Know 


The  plumbing  plan  is  a plan  view  of  the 
building.  As  with  other  plan  views,  it  may 
be  based  upon  a tracing  from  the  floor  plan. 
It  shows  all  plumbing  lines  and  fixtures 
above  and  below  the  ground.  Soil  and  waste 
lines,  gas  lines,  hot  and  cold  water  lines, 
steam  lines,  air  pipes,  and  all  fixtures  and 
appliances  such  as  dishwashers  and  garbage 
disposal  units  are  described.  This  plan  is  also 
closely  related  to  the  rest  of  the  plans  in 
the  set.  Most  soil  arid  waste  lines  are  de- 
signed to  work  by  gravity  flow  or  natural 
run  off.  Therefore,  they  must  slope  down- 
ward, and  this  also  is  shown  on  the  plan. 


working  drawings 
plot  plan 
datum  level 
septic  tank 
leaching  lines 
leaching  field 
floor  plan 
exterior  elevation 
structural  sections 
detail  drawings 
standard  details 


custom  details 
cornice  construction 
basement  plan 
foundation  plan 
wood  floor  construction 
concrete  floor 
construction 
joist  detail 
pitch  (of  a roof) 
electrical  drawing 
coordinating 
plumbing  plan 


Summary 

Working  drawings  play  an  important  part 
in  construction.  They  show  or  give  most  of 
the  information  needed  for  building  a house. 
The  ba.sic  kinds  of  working  drawings  are: 


Think  About  It! 

1.  What  would  happen  if  a builder  or  con- 
tractor tried  to  build  a house  without  the 
necessary  drawings? 

2.  Why  is  the  floor  plan  considered  to  be  the 
most  important  working  drawing? 
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All  the  information  needed  to  build  a 
structure  cannot  be  put  on  the  working 
drawings.  Therefore,  much  information  is 
given  in  specifications.  Specifications  are 
written  instructions,  conditions,  and  des- 
cnptions  which  tell  the  builder  how  to  do 
the  job  properly.  Specifications  also  protect 
the  interests  of  everyone  involved:  the  ar- 
chitect, the  builder,  and  the  owner. 


Categories 

Specifications  are  arranged  in  three  gen- 
eral categories: 

1.  Legal  documents, 

2.  Conditions,  and 

3.  Technical  descriptions. 

In  the  legal  documents  section  are  the  ad- 
vertisement for  bids,  invitation  and  instruc- 
tion to  bidders,  owner-contractor  agree- 
ments, and  bond  forms. 


Fig.  80-1.  In  the  technical  descriptions  section  of  the 
specifications,  the  right  kind  of  brick  for 
the  job  is  specified. 


Writing 

Specifications 

The  conditions  section  states  the  rights 
and  responsibilities  of  the  designer,  the 
owner,  the  contractor,  and  any  subcontrac- 
tors. 

The  technical  descriptions  section  lists  the 
materials  and  methods  to  be  used  for  build- 
ing the  structure.  Fig.  80-1.  This  is  generally 
divided  into  architectural,  civil,  and  struc- 
tural, plumbing,  heating,  mechanical,  and 
electrical  sections.  Each  section  is  organized 
to  include:  (1)  the  scope  of  the  work  to  be 
done,  (2)  the  complete  description  of  ma- 
terials to  be  used,  (3)  general  requirements 
or  the  usual  work  standards  and  practices, 
and  (4)  special  requirements  or  unusual 
work  standards  or  practices. 


Fig.  80-2.  The  specifications  writer  must  have  access 
to  many  kinds  of  product  catalogs.  Many 
hours  are  spent  in  retrieving  and  selecting 
costs,  sizes,  standards,  and  requirements  of 
each  item  that  goes  into  a house. 
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FHA  Form  2005 
VA  Form  VB4-I852 
Hcv.  Jan.  C6 


Fur  iccurKc  regiicer  of  carbun  copiei,  form 
may  be  iepira(ed  along  above  fold,  Suple 
completed  ihecti  togerher  in  original  order. 


Ft)rm  ap}itt>vc»*. 

Budget  Burr.tu  No.  63-R055.ll, 


□ Proposed  Construction 

□ Under  Construction 

Property  address 


DESCRIPTION  OF  MATERIALS  no 


(To  l)C  in»*rU'd  by  FTIA  or  VA) 


City . 


Sfofe  _ 


/Mortgagor  or  Sponsor . 
Confrocf or  or  Builder 


(Name) 


Candlclite  Homes.  Tnc. 


(Nome) 


(Addmi) 

1442  Pershing  Dr.  Col.  Ohio 

(Addme) 


INSTRUCTIONS 


1.  For  oddlllonal  information  on  how  tills  form  Is  to  bt  lubmlttadi  number 
•f  copies,  etc.,  see  the  Instructions  opplicoble  to  the  FHA  Application  for 
Mortgage  Insurance  or  VA  Request  for  Determlnotlon  of  Reasonable  Value,  as 
the  cose  may  be. 

2.  Describe  oil  moterlols  and  equipment  to  be  used,  whether  or  not  shown  on 
the  drawings,  by  marking  on  X In  each  opproprlote  check-box  and  entaring  the 
Informatlan  colled  for  In  eoch  space.  If  space  la  Inadequate,  enter  "See  misc." 
and  ciescribe  under  Item  27  or  on  on  ottoched  sheet. 

3.  Work  not  specifically  described  or  shown  will  not  be  considered  unteu 


required,  then  the  mlnlnum  occeptoble  will  be  assumed.  Work  encaadlng 
minimum  requirements  cannot  be  considered  unless  speclficotly  described. 

4.  Include  no  olternotes,  "or  equal"  phroses,  or  contradictory  Items.  (Corw 
gideration  of  a request  for  acceptance  of  substitute  moterlols  or  equipm'ani  Is 
not  thereby  precluded.) 

5.  Include  signatures  required  ot  the  end  of  this  form. 

6.  The  construction  shell  be  completed  in  compliance  with  the  reloted  drawingi 
ond  specfficatians,  as  amended  during  processing.  The  speclficotions  Include  this 
Description  of  Materials  and  the  opplicoble  Minimum  Construction  Requlramanti* 


1.  EXCAVATION; 

Bering  loil.  type  Clay  2000  # 

2.  FOUNDATIONS: 


Footing.:  concrole  mix  5 Bag  2000  ^ mix 
Foundation  wail:  materia)  Sx8xl6  Cone.  Blk 
Interior  foundation  wall:  material 
Columns:  material  and  sixes ? 1/2”  dia»  Steel 


sirenj^h  psi  _ 


Reinforcing . 
Reinforcing  _ 


As  required 


As  required  over  sewers 


Party  foundation  wall . 


Girders:  material  and  sizes  2x10  d£  beam 

Basement  entrance  areaway  _ 


Piers:  material  and  reinforcing  24**x24**x  12*’  conc* 
Sills:  material 


Waierproofing  1/2*'  Cement  Parge-1  coat  asph 
Termite  proiecdon  Top  course  solid  termite  block 


Window  areaways 


F<»iing  drains  3“  drain  tile  to  curb 


Basementlesi  space:  ground  cover  2"  Gravel . inmlAtinn  Vapor  barrier ; foundation  vents_  6x16  (2) 

Special  foundations  3"  dia.  piers  under  x patio  5 bag  mix  w/relnf orcing 

Additional  information: 


3.  CHIMNEYS: 

M.t.^.1  Calv.  Iron 


Flue  lining:  material . 


PreSibricated fmai, Duro-vent  5"  or  equll 


Haater  flue  size  . 


G.I. 


Vents  { maUriat  and  iki):  gat  or  oil  heater  . 
Additional  information: 


Fireplace  flue  size  . 

water  hgatgr  G»I»  3" 


4*  RREPIACES:  Gas  Log  Lighter  See  Detail  Sheet 

Type:  ^ solid  fuel;  □ jgms-burning;>Q  circulator  and  jit/J 

Fireplace:  fAcing  ^ brick lining  Firebrick 


Ash  dump  arid  clean-out  IQxlO  (out  side) 


eplace:  facing 
Additional  information: 

& EXTERIOR  WALLS:  Doug 


hearth . 


Cut  Stone 


mantel. 


Cut  Stone 


Firi  hemlock 

Wood  frame:  wood  grade,  and  species 25c4 20_^ S td  > Con>  gr«  n Comer  bracing.  Building  paper  or  felt  30^  felt 

Sheathing  Flbrcboard  . thirkneta 1/2^*  » wirfth-  48* 

Siding  - 


gra 


-i  0 solid;  □ spaced 

size.  ; exposure 

Shingles ; grade ; type j size ; exposure 

3 coat  Rietter  . 7/8  1x1x18  ga.  Keymesh 

4"  brick  150.00  Roloe 


type- 
; »ype. 


0.  c,;  Q diagonal; . 

fastening 

";  fastening 


, J weight — T ,1b. 

3 1/2x3  inxS/lb  St 


TTF- 


III. 


Masonry  veneer . 


Lintels 


Masonry:  □ solid  □ faced  □ stuccoed;  toul  wall  thickness. 

Backup  material 

Door  sills Window  sills 

Interior  surfaces:  dampproofing, . coats  of 


facing  thickness . 
— ; thickness 


lacing  material . 


bonding  _ 


Lintels  _ 
. ; furring . 


Additional  infurmadon: . 


Exterior  painting:  material . 


Exterior  oil  base 


.;  number  of  coats .. 


Cable  wall  construction:  0 tame  as  main  walls;  □ other  conilruclion 

4k  FLOOR  FRAMING:  2x10  df  const,  gr. 

Joists:  wood,  grade,  and  species— ; other  Hemlock 


. ; bridging yp. 


. ; anchors 


Concrete  slab:  0 basement  floor;  □ first  floor;  Q ground  supported;  Q self-supporting;  mix  5 1/2  Bag  , thickness  . 


reinforcing 

Fin  under  slab:  material^'  gravel 

1/2"  flex-cell  under  sill  plate 


; Iniulalion  - 


_;  membrane  . 


_;  thickness. 


Additional  information: 


T*  SUBFLOORING:  (Dticrib*  underfloorina  for  special  floors  under  item  2L) 
Material:  grade  and  species  . Fir  plywood 


Laid:  Q hrst  floor;  □ second  floor;  □ attic. 


. .:.^3/8x48  . interior 

, iizc  ■ — - I *ypc  ■ — 


. sq.  A.;  □ diagonal;  0 right  angles.  Additional  information:. 


8L  finish  FLOORING:  (Wood  only.  Describe  other  fmish  flooring  under  item  21.) 


Location 

Rooms 

Gfuoe 

Srzats 

Thickness 

WlDfTH 

Bloo.  PArzs 

Finish 

Fint  floor 

3 bdrm.  hall 

#1 

Oak 

25/32 

2 1/4 

red  rosin 

sandi  fill,  varnish 

livingi  f amll 

and  shellac. 

Attic  floor 

»q.  A. 

Additiofuil  information; . 


FHA  Form  2005 
VA  Form  VB4-1852 


DESCRIPTION  OF  MATERIALS 


DESCRIPTION  OF  AAATERIALS 


9.  PARTITION  FRAMING:  207.  Std. 

, . , . Const.  Gr . 

Siuds:  wood,  grade,  and  spccjcs 

Additional  information:. 


size  r.nd  spacing^ 


2x4  @ 16"  oc. 


Other. 


10.  CEILING  FRAMING:  D°“8-  or  Hemlock 

, . 204  std.  Const. 

. Joists:  weed,  grade,  and  species, 

Addilion.'il  information: — 

11.  ROOF  FRAMING:  207.  Const.  Gr, 

Rafter.:  wood,  grade,  and  .peele.  D°ug-  Fir  ® 16  ,oc. 
Additional  mformalion: See  tru.SS  Drawj;ng_ 

12.  ROOFING: 


Other 


B.C.  of  Truss 


Bridging . 


1x4  Catwalk 


Hoof  trusses  (see  detail):  grade  and  species  , 


/ 


Sheathing:  wood,  grade,  and  species. 


C.D.  Fir 


Asphalt  shingles  , _! 

Tfnderlay  ^ ^ Seal  Tab  

lluUt'Up  roofing 


/ A 


interior 


weight  or  thickness size. 


0 solid;  □ spaced. 


1x3  ■ r.., 7/ 8-T^-gTU 


llashing:  material 

Additional  Information: . 


_ ; number  of  plies. 
- ; gage  or  weight  _ 


surfacing  material. 


-I  □ gravel  stops;  □ snow  guards 


13.  GUTTERS  AND  DO^r^SPOUTS: 

Gutters:  material * ^ 


Downspouts:  material . 


g.g,orwcight_|6_|a^:.ixe_^ 

-I  K*t;e  or  weight.^ 2—.;  size. 


. ; shape . 
. ; shape . 


O.G. 


Square 


.;  number. 


Do-A'nspouls  connected  to;  S •®wcr;  ^sagitary  sewer;  □ dry-well.  0 Splash  blocks:  material  and  size. 


Additional  information: 

14.  LATH  AND  PIASTER 

Lath  □ walls,  □ ceilings:  material 


weight  or  ihi'-kncss- 


Flaster:  coats  - 


; thickness. 


Dry-wall  E walls,  Q ceilings:  material ZE ^ 

, . Perfi-tape  system  per  Megs,  specifications 

Joint  treatment !- 1 — 


1/2*’  ;finish. 


finish. 


15.  DECORATING:  (Paint,  wallpaper,  etc.) 


RoONiS 


Kitchen  . 

Bath 

Other 


Wall  Finish  K4atuul  and  ArrucATioN 

Two  coats  Latex  Base  Rolled  on 
TVo  coats  Latex  Base  Rolled  on 


Two  coats  Latex  Ba se  Rolled  on 


CciUNo  Finish  Material  and  Appucation 


Same  as  Walls 


Same  as  Wa  1 1 s 


Same  as  Walls 


Additional  information:. 


16.  INTERIOR  DQpRS  AND^TRIM: 

TA  . Flush  H.C. 

Doors:  type- 


Door  trim:  type. 
Finish:  doors 


Ranch 


; material. 


W.  Pine 


Natural  2 coats  shellac 


maicrial  Mahogany  Lauan 
Tear  Drop 


Base;  type 
; trim 


thickness 

W.  Pine 


1 3/8 


3 1/5 


Paint  same  as  walls 


Other  trim  f i/rm,  anJ  loca/ionj 

Additional  information; 

17.  WINDOWS:  Horiz.  slider 


, Sine,  hung  , Stanley 

Windows;  type 2 ° .i  make 1— 


material 


Alum. 


_ ; sash  thickness 


inter 


Glass:  grade 
Trim:  type 


SSB 


DW  Return 


-;  □ sash  weights;  □ balanccit,  typc- 

Gypsum 


.;  material- 


Wcatherstripping:  lype Compression 


Screens:  □ full;  [3  half;  type. 

Basement  windows;  type — Hopp^ 

Special  window.  Stools 


Alum,  frame 


material _Alum. 


.;  number. 


all 


; head  Haabing  Integral 

p.:„.  Same  as  walls  , 2_ 

Storm  sash,  number _ 


doU:  material  Fiberglass 


.;  0 screens,  number. 


All 


.;  O Storm  sash,  number. 


Additional  information:  _ 


IS.  entrances  and  EXTERIIgR^DnAIL,  „ ^ 

Main  entrance  door;  material 

Fir  H C 

Other  entrance  doors:  material  _Lii * — ! 


. ; thickness  3 /A* ' Frame:  material  — 


. ; thickness  ^/ ^ 
. ; thickness 


Head  flashing 

Screen  doon:  thickness number - 


\ridth  , ■“  . o / a'ii  " ^ 

. wtrtfK  ^ iKirLnw  L**.  Frame*,  matcnal — l_ 

WeaAersiripping:  .jr  friction  brass . „ddlc.  ^lunt.  vinyl 

.;  screen  cloth  material 


Storm  doors:  thicknes;. 


number. 


screen  ooors;  ■ , t.HaMwa  > . Alum 

Combination  storm  and  screen  doors:  thlpkncss  — i — number screen  cloth  material L_  , 

Shatter.:  □ hinged:  □ fixed.  RaiUng, ^ ^ Xx>ave»  2 - 24x30  louvers 

Exterior  millwork:  grade  and  sperie.  Clear  Fir  1x6 paim . 

AddiUonal  InfomraUon:  ' exterior  plywood  so££it_ 


Oil  Base 


.;  number  coats  _ 


1*.  cabinets  and  INTERIOR  DETAIL:  Scheirick  bronzeglow  or  Springfield  Cabinet 

Birch  veneer  on  wood  frame . of .heives. 

formica 


Kitchen  cabinets,  wall  units:  material  - 
Base  units:  material . same 


MPS 


Back  and  end  .pla.h  _ 4"  ceramic_ 


; counter  top- 
Finish  of  cabinets. 


Factory  applied 


; edging. 


formica 


shelf  width 


12 


-i  number  coats . 


, Grote  or  equil  • mndri 

Med.e.ne  <»b.ne»:  B..n  t in  vanity  in  m^n  ba th~TabHZ^d  linen  front  in  hiTt-bitT 

Other  eabineu  and  buUt-in  furniture  ,-oon,  dividers  in  family  room  and  living  room 


Additional  Information: . 


o 

ERje 


Disappearing:  make  and  model  number. 
Additional  Infcnrmatlon: 


Stair 

Trk.\os 

Risers 

Strings 

Handrail 

BaLU! 

iTEKS 

Material 

Thlckneti 

Material 

Thickness 

Material 

Size 

Material 

Size 

Malerial 

Size 

Fir 

1 5/6 

op; 

:n 

Fir 

2 X lU 

w. 

2x3  rd. 

NO 

NE 

iviain  

454 


I 


31*  SPECIAL  FLOORS  AND  WAINSCOT: 


Location 

MATToiAt,  Color,  Boroex,  Sizes,  Cage,  Etc. 

TNreshou) 

Material 

Wall  Base 
Material 

UrrotRPLOOR 

Material 

X.itchen 

AnnstronR  inlaid  linoleum-Tricino  Pattern 

SS 

rubber 

5/8‘»  TAG 

Balh 

Armstrong  inlaid  linoleum-  ” 

SS 

rubber 

S/R'»  TAG 

DininE 

Armstrong  inlaid  linoleum-  '*  »' 

SS 

rubber 

5/8»»  TAG  . 

IXKATION 

Material,  Color,  Border,  Cap.  Sizes,  Cage,  Etc. 

Height 

Hejciit 
Over  Tub 

Hcioirr  IN  Showers 
(From  Floor) 

ILilh 

Cpr/imlcL  rilp  4 1/9  v 4 1/9 

Ceramic  tiLe  4 1/2  x 4 1/2  Wet  wall  to  vanir' 

1 

Bathroom  accessories:  Q Recessed;  material. 
Additional  information: 


Ceramic ; number,  ^ Attached;  mntf>i^nl  Ceramic 


number  . 


22.  PLUMBING: 


Fixture 

Number 

Location 

Maxz 

Mrm*s  Fixture  Ioentipication  No. 

Size 

L 1 ■ 

Color 

Sink 

1 

kitchen 

Crane 

^ 5131  Dbl.  Bowl 

32  X 21 

White 

Lavatory 

2 

bath 

Crane 

# 3-175 

18  X 24 

te 

Water  cbsel 

2 

_bath 

Crane 

fitanria  rri 

Wh 1 1 p , 

Bathtub 

1 

bath 

Crane-Farfax 

y/  Z-200 

60"x30" 

Wh  ifp 

Shower  over  tub^ 

1 

th 

St-nnrin  rd 

Chrome 

Stall  shower^ 

Laundry  travs 

Di  SDOser 

1 

kitchen 

Insinkarator 

# 333 

Hot  and  c 

old  water  taps  in 

laundry  area 

^0  Curtain  rod  Door  □ Shower  pan:  material 

Water  supply:  0 public;  □ community  system;  Q individual  (private)  systcm.'A' 

Sewage  disposal:  □ public;  □ community  system;  □ individual  (private)  system.'^ 

•^Shav  and  dacribe  individual  ^stem  in  conipUU  detail  in  separate  drawings  and  specifications  according  to  requirements. 

House  drain  (inside):  □ cast  iron;  □ tile;  0 other  Copper ’House  sewer  (outside):  □ cast  iron;  (3  tile;  □ other. 

Water  piping:  □ galvanized  steel;  0 copper  tubing;  □ other Sill  cocks,  number. 

Domestic  water  heater:  type  Aurom/irig ; make  and  model  Rund  E.T.  3036  : heating  capacity. 


25.7 


. gph.  100*  rise.  Storage  tank:  material  Glass  lined 


capacity. 


30 


.gallons. 


Gas  service:  0 utility  company;  □ liq.  pet.  gas;  □ other. 


footing  drains  connected  to:  0 ston;j^^^wcr;^n  sanity  sewer;  □ dry  well.  Sump  pump;  make  and  model. 
; capacity 2 ; discharges  into 


Gas  piping:  Q cooking;  0 ht^use  heating. 


23.  HEATING: 

D Hot  water.  □ Steam.  □ Vapor.  □ One*pipc  system.  □ Two-pipe  system. 

□ Radiators.  □ Convectors.  □ Baseboard  radiation.  Make  and  model 

Radiant  panel:  □ floor;  □ wall;  □ ceiling.  Panel  coil:  material 

□ Circulator.  □ Return  pump.  Make  and  model 

Boiler:  make  and  model ^ Output . 

Additional  information: 


_;  capaaty. 


_Btuh.;  net  rating. 


-gpra. 

. Btuh« 


Warm  air:  Q Gravity.  0 Forced.  Type  of  system  Extended  plemium  perimeter  system 
Duct  material:  supply  G • I • ; return  G • I • Insulation , thickness 


Furnace:  make  and  model  LennoX  G 9D»11Q 
Additional  information: 


Input  110 1 000 


Q Outside  air  intake, 

Btuh.;  output.  88 1 000  Btnh. 


pl  Space  heater;  Q floor  furnace;  Q ^vall  heater.  Input. 
Mak^  model 


.Btuh.;  outpiit . 


_Btuh.;  number  units. 


Controls:  make  and  types. 
Additional  information: 


Minn. -Honeywell 


Additional  information;. 


Fuel:  □ Coal;  □ oil;  □ gas;  □ liq.  pet.  gas;  □ electric;  □ other- 
Additional  information: 


storage  capaaty. 


Firing  equipment  lumished  separately:  □ Gas  burner,  conversion  type.  □ Stoker:  hopper  feed  □;  bin  feed  □ 

Oil  burner;  □ pressure  atomizing;  □ vaporizing 

Make  and  model Control 

Additional  information: 

Electric  heating  system;  type 

Additional  information: 


Input . 


-Watts; 


.volts;  output - 


-Btuh. 


Ventilating  equipment;  nttic  fan,  make  and  model- 


kitchen  exhaust  fan,  make  and  model . 
Other  heating,  ventilating,  or  cooling  equipment 


Miami  - carey 


. ; capacity  _ 


24.  ELECTRIC  WIRING: 

Service:  0 overhead;  □ underground.  Panel:  □ fuse  box;  0 circuit-breaker;  make_  100  amp. 
Wiring:  []  conduit;  Q armored  cable;  0 nonmetalUe  cable;  Q knob  and  tube;  0 other. 


Number  circuits. 


Special  outlets:  Q range;  □ water  heater;  0 nthrr  Furnace.  DisposeFf  Washer > Dryer 


B Doorbell.  □ Chimei.  Push-button  locatioiu  ^^0"^  and  rear 


as.  UGHTINC  nXTURES: 

Total  number  of  flxturcs. 

Nontypical  installation 

Additional  information: 


18 


Total  allowance  for  fixtures,  typical  installation,  $ 


90.00 


"5o 


O’ 


DESCRIPTION  OF  MATERIALS 


description  of  aaaterials 


36.  INSULATION 


.f...  # 800  series  interior  and  exterior  locks  by  westlock  o£ 

llnlsh  u^i.  Butt  hinges  W4.  National  cablneFTIT^s. 

brass  pulls  and  magnetic  catches* ; 

SPECIAL  EQUIPMENT:  (sfafe  maferiat  or  make  and  modelj 

Venetian  blindi - — =7^.  Number^ 

Kitchen  rnngc  Tappan  EUV-5-C-B  30"  drop-ln_ 

ReHrigerator 

DUh  washer. 


Automatic  waihcr. 

Clothes  drier 

Other  


Garbage  di.posal  „ni.  Inslnkarator  #333 


MISCELLANEOUS;  (Describe  any  main  dwelling  materials,  equipment,  or  conifrudion  items  nat  shown  elsewhere/  or  use 
SononnKK^  fhe’^poce  provided  wo,  inodequofe.  Always  reference  by  item  number  fo  correspond  fo  numbering 

used  on  this  form,) ^ “ 

Built  In  vanity  In  main  bath — ■ 


Walltex  on  kitchen  soltTt' 


Walkln  closet  In  main  bedroom 


Room  dividers  In  family  room  and  living  room 


PORCKliS: 

X 

8»-0” 

Concrete 

patio 

rear 

4*-0'* 

X 

3*-0'* 

Concrete 

stoop 

rear 

Three 

Risers 

4*-0‘* 

X 

4*-0” 

Concrete 

stoop 

with 

three 

risers  front 

TERRACES: 


constructed  same  as  house  with  5/8"  drywall  on  celling  and  wall  adjacent  to  ho_use 
Door  from  the  house  to  the  garage  Is  a 2'-6"  solid  core ^ 


WALKS  AND  DRIVEWAYS:  , a . Asohalt 

Driveway:  widU.±0!^,  base  material 1 «a.enal 

Fmnt  walk:  width  3'-0!l,  material  Concrete,,  Utick««_^''.  Servi«  wicUh  J ; matenal. 

Steps:  matcrial_Concrete treads _12 risen./  Ch«*  waUs. 


Uucknen. 

thicknesiU 


a^x!!^r  dtsmitd  rbiwheri,  iruMint  Utmttuch  as  smmuat  gradinp  drairj>li  struetura,  rtlaimng  walU,  finer,  railings, 

Mftd  accessoiy  structures,)  ^ 


LANDSCAPING,  PLANTING,  AND  FINISH  GRADING: 

Topsoii thick:  □ front  yard;  □ side  yards;  □ rear  yard  to 

Lawns  sedJed,  Hdptiggl*):  S front  yard Cflmp 1 S »‘de  yards  Com^ 


. feet  behind  main  building. 
; (3  rearyard Gomp- 


Planting:  □ specified  and  shown  on  drawings;  □ ^ follows: 

1 Shade  trees,  deciduous, ^ . **  caliper. 

Low  flowering  trees, ’deciduous,  ■ 

High-growing  shrubs,  deciduous,  * to 

Medium-growing  shrubs,  deciduous,  ' to 

2 _ Low-growing  shrubs,  deciduous,  2 — ' to_3_ 


_ Evergreen  trees.  . 
. Evergreen  shrubs,. 
, Vines,  2-ycar 


1 1/2  .. 


B & B. 
B & B. 


ICENTIFICATION.-This  exhibit  shail  be  identified  by  the  signature  of  the  builder,  »r  sponsor,  arid/or  die  proposed  mortgagor  if  the  Utter  is 
known  at  the  time  of  application. 


Date. 


Signature  . 


PHA  Form  2005 
VAFofin  VB4^1852 


■ ' Signature. 


ytoo 
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Selection  of  Materials  and  Equipment 

To  prepare  a set  of  specifications  cor- 
rectly, a designer  must  know  what  materials 
and  equipment  are  available  and  have  access 
to  complete  descriptions  of  each,  Fig.  80-2. 
He  must  make  a list  of  the  materials  and 
equipment  which  are  needed  and  then  com- 
pletely describe  them  in  correct  trade,terms. 
In  selecting  materials  and  equipment,  a de- 
signer tries  to  meet  the  needs  of  the  owner. 
There  are  nine  major  factors  to  consider 
(Fig.  80-3).: 

1.  Economy.  The  cost  and  appropriateness 
of  the  item. 

2.  Quality.  What  grade  of  excellence  of  the 
material,  fixture,  or  appliance  is  wanted  ? 

3.  Is  it  functional?  Will  it  serve  the  purpose 
for  which  it  is  intended? 

4.  Ease  of  installation.  Is  the  item  easy  or 
hard  to  install?  Will  its  installation  re- 
quire special  tools  or  equipment? 

5.  Appearance.  Is  it  pleasing  to  the  eye? 
Will  it  fit  in  with  the  general  scheme  the 
designer  has  in  mind  ? 

6.  Codes.  Building  codes  must  be  followed. 
All  utility  items,  fixtures,  and  appliances 
must  pass  area  safety  and  building  codes. 

7.  Service  requirements.  Can  the  equipment 
be  repaired  easily,  quickly,  and  by  quali- 
fied workmen  in  the  community? 


8.  Warranty.  Does  the  equipment  carry  a 
guarantee  ? Is  the  entire  unit  guaranteed 
or  will  the  owner  be  required  to  pay  labor 
or  shipping  charges? 

9.  Size.  Items  such  as  furnaces,  water  heat- 
ers, and  dishwashers  often  must  fit  a pre- 
planned space  in  a structure.  The  model 
ordered  must  be  one  that  fits. 

A designer  considers  many  other  things 
while  preparing  specifications.  Questions 
that  must  be  asked  are : 

1.  Are  the  products  easy  to  get? 

2.  What  are  the  delivery  dates? 

3.  What  are  the  weights  ? 

Sometimes  compromises  have  to  be  made. 
That  is,  one  desired  feature  must  be  given 
up  for  another  that  is  more  important. 

Summary 

If  the  drawings  and  the  specifications  for 
a house  are  accurate  and  complete,  the  fin- 
ished product  should  be  exactly  as  the  owner 
and  the  architect  expected  it  to  be.  Also,  the 
rights  of  all  the  parties  involved  will  be  pro- 
tected. The  specifications  include  legal  docu- 
ments, statements  of  conditions,  and  techni- 
cal descriptions  of  required  materials  and 
work  practices. 


Fig.  80-3.  All  nine  factors  are  considered  when 
selecting  a suitable  material. 


Terms  to  Know 


specifications 

compromise 

functional 

economy 

services 

quality 


installation 

appearance 

codes 

service  requirements 
warranty 


Think  About  It! 

1.  How  do  specifications  protect  the  interests 
of  the  architect,  the  builder,  and  the 
owner? 

2.  What  problems  might  come  up  if  the  spec- 
ifications are  not  complete  ? 


%o  t 


liafiy  a. 


j 
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After  the  plans  and  specifications  for  a 
house  have  been  developed,  it  may  be  neces- 
sary to  have  them  approved  by  a lending 
agency.  Professional  people  on  the  agency’s 
staff  can  examine  the  plans  and  estimate  the 
value  of  the  house.  Based  on  this  estimate, 
they  also  can  decide  how  much  money  the 
agency  can  lend  for  building  this  house.  This 
does  not  mean  that  the  bank  has  granted  a 
loan.  It  only  indicates  whether  the  owner 
should  go  ahead  as  planned,  or  whether  he 
must  change  his  plans  to  reduce  the  cost. 
Fig.  81-1. 

If  a loan  is  approved,  most  lending  agen- 
cies issue  a letter  of  commitment.  This  com- 
mitment is  the  legal  “go  ahead’’  signal.  The 
written  commitment  jrenerally  states  the 
loan  amount,  term  and  interest  rate,  time 
limit  for  accepting  it,  and  other  conditions 
that  the  lending  agency  wants  included. 
Fig.  81-2.  After  the  financing  is  approved, 
the  owner  must  arrange  for  the  work  to  be 
done. 


Owner- Architect  Agreement  or 

Contract 

One  kind  of  arrangement  is  an  owner- 
architect  agreement.  The  architect,  for  a fee, 
will  take  care  of  the  whole  project  for  the 
owner.  This  saves  the  homeowner  a lot  of 
work  and  cuts  down  on  his  problems.  Under 
this  agreement,  all  the  owner  has  to  do  is 
make  the  payments  as  the  architect  approves 
them.  He  then  moves  in  when  the  house  is 
finished. 

474  **  0 ^ 


Financing  and 
Contracting 

Owner-Contractor  Agreement  or 
Contract 

In  an  owner-contractor  agreement,  the 
owner  and  contractor  sign  an  agreement 
which  describes  what  the  contractor  will  do 
for  the  price  of  his  bid.  The  contractor  is 
responsible  for  the  whole  job.  He  furnishes 
all  the  materials  and  sees  that  all  work  is 
done  right.  He  supervises  all  subcontractors 
and  orders  and  pays  for  building  materials 
and  labor.  He  schedules  delivery  of  materials 
to  the  job  and  acts  as  the  general  supervisor. 
As  with  the  owner-architect  agreement,  here, 
the  owner  also  has  no  direct  responsibility 
for  construction.  He  is  asked  to  select  colors 
and  finishes,  light  fixtures,  and  appliances 
before  they  are  applied  or  installed.  His 
major  responsibility  is  to  see  that  the  general 
contractor  is  paid  according  to  contract. 

Owner-Subcontractor  Agreement  or 
Contract 

Unless  a person  has  had  experience  in 
contracting  and  construction,  he  probably 
should  not  make  an  owner-subcontractor 
agreement.  Under  this  plan  the  owner  acts 
as  the  general  contractor.  He  supervises  the 
job  and  keeps  it  moving.  This  is  very  hard 
for  someone  with  no  experience.  He  asks  sub- 
contractors for  bids.  If  he  knows  nothing 
■ about  the  reliability  of  the  contractors,  he 
may  contact  some  that  are  unreliable.  After 
he  receives  the  bids,  he  must  decide  which 
ones  to  accept.  If  a person  contracting  his 
own  job  understands  only  the  prices,  he  likely 
will  choose  the  lowest  bids.  In  many  cases, 
these  are  not  the  best  bids.  The  owner  must 
then  take  the  responsibility  for  all  materials. 
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AfflkartM  far  • CaawiHaaat  Uaa  fraai 
KOOMINdTON  nMRAL  SAVINGS  AND  lOAN  ASSOCIATION 


Miq MlA„ 


IH»ib«ndt 
NAME 


N#m*_ 


Mtllinq  Addrtii 

City  *«d  SUf» 

i^roptrty  Addrtii_ 
Cil)^  «nd 

l«9«l  0«icripfien_ 


-Ralt. 


T«rm  of  loon; 

TYPE  OF  lOAN 

Q Ettilinq  lutidinq 
Q Now  Conit'ucHon 
Q PrOMiouity  Occuplod 
O Conilrucllon 
P Controclor  or  lulldor 
D Sold  p Spocutolivo 
P Ownor  Occupinl 
P ConIrocI 
P lobor  Equity 
P Poyoul  iftor  Comptolron 
P Rofininco 
ESTIMATED  payment 

Principal  A Inloroit  $ 


Ago.^_Mirrlod_ 

Employod  ly 

Typo  of  luilnoii 


_Oiildron^^_  Ag«i_ 


_Torm  of  Emptoymont. 


Provioui  Emptoyori_ 


t Poillion_ 

Rooion 

For  Chongo 

Rooion 

For  Chongo 


IWlfcl 

NAUF 

Age 

Fimplayad 

u.  1-3 

Toioi 


Rotioi  loon  foi  Approliol_ 


Purchoio  Prico  or  Conilruction  Coili— 


Other 

Totol 


INCOME)  Sotof/. 
Wifo- 


_Poid  |y_ 
_Pold  ly_ 


Rant  or  Contract. 
Other  Sourcai 


I |Woi  hereby  apply  for  » firct  mortgogo  loan  of  I. 


. ...  . , to  bo  repaid  In  rr.onthly  InitoMmonti 

fo  bo  opotiod  firit  to  Intoroit  end  tho  botonco  to  principal,  and  offer  ai  lacurlty  a mortgogo  on  tho  following 
daicribao  propartyl 


LIFE  INSURANCE 
Company 


Company 


Amounl  lorrowod 


Owollingi  Single. 


.Two  Family. 


.Apartmanti., 


Conilruction:  Frame ^.Brlck .^Stucco Olhor 

Eilarlori 

Roomil  III  FUat  laikt 

Baiamanti’  Floor  , ..Hooting  Syitom 

Romorli 


Aibaitoi. 

-Utility 


-Other. 

-lnd:_ 


.Floori. 

-Bolh_ 


Connected  Ut!l<’ti«»i  W«Ut  Ma>itlrUy C.pi!, 

Goragai  No.  ^*rt AH«>ha.t  o«..«-«.i 

Age  of  Building SIto  of  Lot- Lail  Tec  Paid 

Whan  o...>i...»  p,leo  $ Conilruction  Coil  * 


Colt  of  Improvamanti  or  Repaint  To  t^«*«  ^ 

Amount  of  Original  Mortgage,  Whon  Mado,  Balanco  Due. 
Noma  of  PraianI 
■ Mortgage  Held  Ry 


.Whon  Romodalod— 


n«kn.  _ . . . .. 

InilallmanI  Paymanli 

Aaiaunl  i 1 

Nalura 

Rank  AccaunI  it 

Checking 

SAVINGS  ACCT.  HERE 

lank  AaaaunI  at 

Checking 

MERCHANT  REFERENCES 

Addraii 

Valua 

.p  Aiiociatlon  Furnlih- 


Placal  of  Raildanca  for  la*t  T Yoari- 


Appralial. 
Orlgn.  Amt. 


Bel.  Due 

Na.  Advancai-^- 
Paymanl  Record) 


PURPOSE  OF  LOAN- 


INSURANCE)  p Aiiumo  p Ftirnlih  0«n 

n*  •i4ailtt«aW  aeiaa  la  (uraUh  a lampUli  oM  marlliMlihli  ahilrelt  at  IIIU  ar  fvirMlaa  aOllav.  « 

UI4  «iarl|aia  ta  b*  a tiril  Dia,  whl*h  ili|l|  ti  Ik#  kai4*  at  ia>4  AMaalaliea  laaa)t>a'  wllh  alt 

raiarJaJ  aao  aaialaary  taoalraJ  laaarlllal  tor  uii  at  na  laaJar  aalil  |k|  «a)d  laaa  l|  o*M- 

Aoellaaal  tat  Aar  awaai  ta  p*f  oa  WamaaJ  ill  rail)  TaiMaalal  la  Aa  0'aiaia!a|  at  Aa  laaa  aootlaaDao— laaladiag  (aaa  tar  ptf 
halaary  abilraatla|.  aoo*alia1.  raaarrflaaa.  HMa  aie«<1aa)la*.  tiaal  abilriiMaf,  ata, 

I SEAL  I 

I SEAL  I 


Fig.  81-1.  If  you  were  lo  seek  a mortgage  loan,  you  would  have  to  answer  questions  such  as  the  ones  on  this 
sample  application  form. 


workmanship,  time  schedules,  payrolls,  and 
liabilities  on  the  job. 

If  a person  has  had  enough  experience  in 
contracting  and  building,  this  method  is  the 
least  costly.  He  can  do  many  of  the  small 
jobs  himself.  He  also  saves  himself  a super- 
vising fee  which  can  amount  to  as  much  as 
10%  of  the  total  cost  of  the  job.  Under  this 
plan,  the  owner  must  make  sure  that  the 


lending  institution  will  accept  this  method. 
Many  lending  firms  require  that  a good,  re- 
liable, authorized  contractor  build  the  house. 


No  Owner  Contract  with  Others 

It  is  possible  for  a person  to  build  an  en- 
tire house  himself.  Some  people  have  done 


ERIC 
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this.  However,  very  few  people  who  need 
financing  can  get  it  if  they  build  this  way. 
This  is  because  few  people  are  skilled  enough 
to  do  all  the  work  and  to  do  a professional 
job.  A lending  institution  wants  to  be  sure 
the  house  will  be  sound.  Also,  it  takes  a long 
time  for  someone  to  build  an  entire  house 
by  himself.  Most  loan  commitments  set 
a date  when  the  work  is  to  be  finished.  It 
is  difficult  for  one  person,  building  his  own 
house,  to  meet  this  time  limit. 

If  the  owner  receives  his  letter  of  commit- 
ment, he  can  go  ahead  along  one  of  several 
paths.  Each  individual  must  pick  the  con- 
tracting method  that  best  suits  his  needs. 
Fig.  81-3. 

Summary 

After  the  plans  and  specifications  have 
been  completed,  a person  wanting  to  build  a 
home  usually  goes  to  a lending  agency  to  get 
approval  on  a loan.  (See  Fig.  81-4.)  After 


Fig.  81-2.  Commercial  banks  and  savings  institutions 
are  just  two  sources  for  borrowing  money 
for  house  construction. 


a loan  application  has  been  submitted  and 
approved,  the  lending  agency  generally  pre- 
pares a written  commitment  stating  the 
terms  and  conditions  that  the  agency  re- 
quires. This  commitment  gives  the  applicant 
the  “go  ahead”  signal  to  begin  work  on  his 
house. 

Next,  the  owner  may  contract  with  an 
architect  to  take  care  of  the  whole  project. 
He  may  hire  a general  contractor,  or  he  may 
act  as  his  own  contractor  and  hire  various 
subcontractors.  In  a very  few  cases,  he  does 
all  the  work  himself. 
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Terms  to  Know 


letter  of  commitment 
lending  agency 
owner-architect 
contract 


owner-contractor 

contract 

owner-subcontractor 

contract 

loan 


Think  About  It! 

1.  How  do  mortgage  interest  rates  affect  the 
size  home  you  can  buy? 

2.  What  experience  and  training  would  you 
need  to  act  as  an  owner-builder  without 
any  contract?  Do  you  think  you  would 
ever  try  this? 


SAMPLE  SCHEDULE  OF  DIRECT  REDUCTION  LOAN 


PMiii 

i 

133.33 

33.96 

f9, 966.04 

2 

133.11 

34.18 

19,931.86 

3 

132.88 

34.41 

19,897.46 

4 

132.66 

34.64 

19,862.81 

5 

132.42 

34.87 

19,827.94 

6 

132.19 

36.10 

19,792.84 

7 

131.96 

36.34 

19,767.60 

8 

131.72 

36.67 

19,721.93 

9 

131.48 

36.81 

19,686.12 

10 

131.24 

36.06 

19,660.07 

11 

131.00 

36.29 

19,613.78 

12 

130.76 

36.63 

19,677.26 

24 

127.73 

39.66 

19,119.39 

36 

124.44 

42.86 

18,623.66 

48 

120.89 

46.40 

18,086.66 

60 

117.03 

50.26 

17,604.99 

principal: 

72 

ii2.86 

W.43 

16,876.13 

84 

108.36 

68.94 

16,193.02 

96 

103.46 

63.84 

16,464.29 

108 

98.16 

69.13 

14,664.24 

120 

92.42 

74.87 

13,787.77 

132 

86.20 

81.09 

12,849.39 

144 

79.47 

87.82 

11,833.13 

166 

72.18 

96.11 

10,732.62 

168 

64.29 

103.00 

9,640.66 

180 

66.74 

111.65 

8,249.67 

192 

46.48 

120.81 

6,861.64 

204 

36.46 

130.83 

6,337.68 

216 

26.60 

141.69 

3,697.86 

228 

13.84 

153.45 

1,922.00 

240 

1,10 

164.95 

.00* 

*The  final  payment  is  usually  somewhat  different  from  the  regular  payment  and  is  shown  on  the 
last  line. 


4 

Fig.  81-4.  Notice  how  the  amount  of  your  payments  that  reduce  the  principal  changes  over  the  life  of  the  loan. 


T ^ ^ 


After  the  contract  for  building  a house  is 
made,  the  first  step  in  construction  is  pre- 
paring the  site.  In  the  construction  of  a 
house,  this  means  clearing  obstacles,  strip- 
ping topsoil,  filling  and  grading,  and  drain- 
ing. With  the  site  cleared,  the  substructure 
is  constructed.  The  major  operations  in  this 
work  are  excavating,  setting  foundations, 
providing  drainage,  and  backfilling. 


Clearing  Obstacles 

The  obstacles  usually  found  on  a site  are 
brush,  trees,  rocks,  or  buildings.  These  must 
be  removed  before  construction  may  begin. 
Trees  may  be  allowed  to  stand  if  they  will 
not  be  in  the  way  of  the  construction.  Fig. 


Fig.  82>1.  Although  brush  is  removed,  often  some 
trees  ore  allowed  to  stand. 


Building  the 
Substructure 

82-1.  Trees  left  on  the  site  must  be  protected 
from  injury  by  construction  equipment. 

Buildings  on  the  site  may  need  to  be  torn 
down  and  hauled  away.  If  the  building  is 
small,  such  as  a garage  or  shed,  and  will  not 
be  in  the  way,  the  contractor  might  use  it 
for  storing  materials  and  equipment  before 
removing  it. 


Stripping  Topsoil 

To  insure  a supply  of  topsoil  for  later 
landscaping,  the  contractor  has  it  stripped. 
off  the  site.  By  using  a bulldozer,  he  strips 
the  topsoil  and  places  it  into  stockpiles.  When 
landscaping  operations  begin,  the  topsoil  is 
used  for  the  finish  grading.  Fig.  82-2. 
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Fig.  82>2.  Usable  topsoil  is  stripped  off  the  site  and 
stockpiled  for  later  use. 


/ 


Building  the  Substructure 
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Filling  and  Grading 

Some  building  sites  need  topographic 
changes  before  construction  can  begin.  These 
changes  may  be  leveling  hills,  filling  ditches, 
or  filling  the  basement  of  a building  which 
has  been  torn  down. 

The  fill  used  on  construction  sites  may  be 
found  on  the  site  itself,  or  it  may  be  hauled 
in.  Fill  found  on  the  site  is  moved  by  a bull- 
dozer to  the  spot  where  it  is  needed.  Fill 
brought  to  the  site  is  hauled  in  by  dump 
trucks,  dumped  where  needed,  and  leveled  by 
a bulldozer.  Grading  and  leveling  operations, 
when  necessary,  usually  are  done  with  a 
bulldozer  or  a front  end  loader.  In  most 
cases,  the  soil  is  distributed  on  the  site.  Fig. 
82-3. 


Drainage 

An  important  consideration  in  site  prepa- 
ration is  what  to  do  about  water.  The  con- 
tractor muot  be  prepared  to  remove  water 
which  is  there  and  to  remove  water  that 
might  collect  at  the  site  during  construction. 
If  existing  water  is  the  problem,  the  contrac- 
tor can  have  his  men  dig  ditches  to  drain  the 
site,  pump  out  the  water,  or  divert  the  source 
of  the  water  and  then  fill  the  site,  if  neces- 
sary, Fig.  82-4. 


Fig.  87-3.  Grading  and  filling  provide  fhe  proper 
land  confour  for  building. 


O 


Surveying 

Once  the  site  has  been  prepared  and  the 
surveyor  has  determined  the  location  of  the 
individual  building  lots  (Fig.  82-6),  the 
principal  building  lines  of  the  house  are  set 
up.  In  most  cases  the  house  is  laid  out  par- 
allel to  the  main  road  or  the  front  property 
line.  Fig.  82-6.  The  distance  is  called  the 
building  setback.  This  distance  is  often  cov- 
ered by  local  building  codes. 


Fig.  82-4.  The  confracfor  has  provided  fhese 
drainage  difches  fo  drain  the  site. 


Fig.  82-5.  A surveyor  determines  the  location  of  the 
building  lots. 
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Fig.  82-6.  The  building  is  often  placed  on  the  lot  so  that  it  is  parallel  to  the  front  of  the  lot. 
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The  workman  measures  in  from  the  prop- 
erty boundary  line  by  setting  his  transit  at 
the  required  angles  and  measuring  the  re- 
quired distances  to  locate  control  points. 
These  are  the  points  from  which  he  measures 
both  vertical  and  horizontal  distance.  Con- 
trol points  are  put  any  place  where  they  will 
be  safe  from  construction  equipment.  The 
actual  layout  of  the  building  usually  is  done 
by  using  the  batter  board  method,  Fig.  82-7. 

The  job  of  setting  property  boundaries  is 
usually  the  work  of  a registered  surveyor. 
The  placing  of  a building  on  a property  may 
be  done  by  either  a surveyor  or  by  a person 
employed  by  the  building  contractor.  As  an 
example,  the  placing  of  a large  commercial 
building  might  be  set  up  by  a registered  sur- 
veyor, whereas  the  placing  of  a residential 
property  might  be  done  by  the  job  superin- 
tendent. 


Excavation 

There  are  several  common  kinds  of  sub- 
structure excavations.  Some  houses  require 
the  use  of  a combination  of  two  or  more 
kinds.  There  is  a full  excavation  which  gives 
a basement  under  the  whole  house.  A crawl 
space  design  calls  for  partial  excavation. 
This  gives  only  enough  room  under  the 
structure  for  installing  and  servicing  circu- 
latory systems.  A slab-on-grade  has  no  space 
under  the  house.  The  only  excavation  needed 
for  this  is  for  the  footings  and  the  founda- 
tion walls. 

The  major  pieces  of  equipment  used  for 
foundation  excavation  are  the  crawler  trac- 
tor, the  front-end  loader,  and  the  backhoe. 
Each  of  these  can  be  used  for  the  removal 
of  large  amounts  of  earth.  The  br.ckhoe, 
however,  has  the  advantage  of  being  able 
to  dig  foundation  trenches  neatly  and  sim- 
ply, Fig.  82-8. 

It  must  be  kept  in  mind  that,  no  matter 
what  kind  of  foundation  you  have,  the  dig- 
ging is  done  to  satisfy  the  dimensions  called 
for  on  the  plans  and  the  contract  drawings. 
Some  trenches  are  hand  dug,  but  this  takes 


Fig.  82-8.  This  is  a backhoe.  It  can  be  used  to 

excavate  for  foundations  as  well  as  service 
trenches. 
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much  time  and  is  usually  done  only  to  give 
the  earth  a final,  clean  shape.  It  also  is  done 
when  it  is  im.possible  to  get  equipment  in  to 
do  the  job. 

The  trenches  for  services  to  the  house  can 
be  excavated  at  the  same  time  as  the  excava- 
tions are  made  for  the  structure.  To  put 
these  in  at  the  beginning  will  save  the  extra 
expense  of  having  them  dug  later  and  cutting 
up  the  site  again.  Also,  it  will  be  useful  to 
have  temporary  water  lines  and  electricity 
on  the  site  at  an  early  date  so  the  workers 
can  use  them  in  their  work. 

Setting  Foundations 

Foundations  include  the  load  bearing  sur- 
face, the  footings,  and  the  basement  wall,  if 
any.  These  are  the  lowest  part  of  the  struc- 
ture and  are  mostly  below  grade.  Founda- 
tions must  be  strong  enough  to  support  the 
structure  that  will  be  resting  on  them. 

Careful  study  of  the  soil  should  be  made 
before  starting  the  footings.  The  footing  is 
usually  w'ider  than  the  foundation  which  will 
rest  on  it.  How  much  wider  it  is  depends  on 
the  ground  conditions.  The  softer  the  earth, 
the  wider  the  footing  needed.  The  weight  of 
the  structure  also  is  important.  A multistory 


Fig.  82-9.  The  crawler  tractor  cannot  be  used  to 
excavate  service  trenches. 


house  needs  wider  footings  than  a single- 
story house,  on  the  same  soil.  A rule  used 
often  is  that  the  width  of  the  footing  is  to  be 
twice  the  width  of  the  block  to  be  used,  and 
the  depth  of  the  footing  is  to  be  the  same  as 
the  width  of  the  block. 

Wliere  the  earth  is  firm  and  the  sides  of 
the  trench  will  hold  their  shape  without 
crumbling,  no  forms  to  hold  the  concrete  are 
necessary.  The  trench  will  serve  as  its  own 
form,  and  the  concrete  mixture  is  placed  di- 
rectly into  it. 

The  foundation  walls,  when  they  are  used, 
are  built  on  the  footings.  It  is  important  to 
anchor  the  foundation  walls  to  the  footings 
with  common  reinforcing  rods.  Also,  the  sills 
and  the  framing  of  the  house  superstructure 
need  to  be  anchored  to  the  foundation  walls. 
This  is  done  by  putting  in  anchor  bolts  6' 
on  center  and  embedded  in  the  top  of  the 
foundation  walls. 

Drainage 

Drain  tile  should  now  be  laid  around  the 
outside  of  the  foundation  walls  so  that  the 


Fig'.  82-10.  Study  the  relationships  among  the  footing, 
drain  tile,  foundation  wall,  and  bearing 
surface. 
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basement  will  stay  dry.  These  tile  are  put  in 
along  the  entire  footing.  The  drainage 
tile  system  empties  into  a dry  well,  storm 
sewer,  or  another  outlet  away  from  the  foun- 
dation and  lower  than  the  floor.  When  nec- 
essary, an  underground  pump  in  a well  is 
used  to  catch  and  get  rid  of  extra  ground 
water.  See  Fig.  82-10. 


Backfilling 

Backfilling  is  putting  earth  back  against 
the  foundation  after  the  foundation  has  been 
put  in.  Before  backfilling  to  the  foundation 
walls,  it  is  best  to  crossbrace  and  shore  up 
the  inside  of  the  foundation  wall.  Many 
basement  walls  have  collapsed  due  to  the 
pressure  of  soil  settlement  on  the  outside 
wall.  First  of  all,  the  wall  should  be  com- 
pletely cured.  The  fill  must  then  be  scooped 
in  a little  at  a time.  Any  large  rock  or  sudden 
jolt  on  the  foundation  may  cause  a crack 
which  will  allow  water  to  seep  in.  Fig.  82-11. 

With  the  footing  and  foundation  walls  in 
place,  the  substructure  is  complete.  Work  on 
the  superstructure  may  begin. 


FOUNDATION 
WALL 


COARSE 

GRAVEL 


FOOTING 


DRAIN  TILE 


Fig.  82-11.  Backfilling  must  be  done  carefully  to 
prevent  damage  to  the  foundation. . 


Building  the  Substructure 

Summary 

Many  operations  are  used  in  preparing  the 
site.  Obstacles  such  as  water,  trees,  rocks, 
and  buildings  must  be  removed.  Once  this  is 
done,  the  topsoil  should  be  removed  and 
saved  for  landscaping  the  lot.  The  site  should 
then  be  filled  and  rough  graded. 

When  the  site  is  fully  prepared,  the  con- 
tractor lays  out  the  location  of  the  house. 
Workmen  then  mark  the  location  by  using 
batter  boards.  The  site  is  now  ready  for  ex- 
cavation. The  size  and  kind  of  excavation  to 
be  done  depend  on  the  foundation  plans. 

The  foundation  is  put  in  next.  After  the 
foundation  is  in,  drainage  tile  is  laid  around 
the  outside  of  the  foundation  walls  so  that 
the  basement  will  stay  dry.  Then  the  ex- 
cavated earth  is  put  back  or  backfilled 
against  the  foundation  walls.  This  completes 
the  substructure. 


Terms  to  Know 

obstacles 
stripping  topsoil 
drainage 
parallel 

building  setback 
control  points 


Think  About  It! 

1.  Are  basements  common  . in  homes  in  your 
community?  What  excavation  problems 
would  limit  their  use? 

2.  Why  is  it  important  to  strip  off  and  save 
topsoil  during  the  clearing  operation?  Is 
the  topsoil  of  higher  quality  than  subsoil 
in  your  region  of  the  country  ? 


excavation 

a.  full 

b.  crawl  space 

c.  slab-on-grade 
backfilling 
crossbrace 


Wall  systems  are  one  of  the  basic  elements 
of  the  superstructure.  The  designer  of  a wall 
system  considers:  (1)  functional  perform- 
ance, (2)  costs,  and  (3)  finished  appearance. 

Functional  performance  includes  the  fol- 
lowing : 

1.  Structural  strength  to  support  loads, 

2.  Weather  tightness, 

3.  Privacy, 

4.  Fire  resistance, 

6.  Ability  to  have  utility  systems  put  in, 

6.  Ability  to  have  finished  materials  at- 
tached to  it,  and 

7.  Places  for  doors,  windows  and  other 
openings. 


Fig.  83-1.  These  2"  x 4"  studs  are  spaced  at  16"  on 
center.  The  frame  is  braced  with  diagonal 
bracing  to  keep  the  building  plumb  and  to 
prevent  collapse. 


Building  Walls 

The  total  cost  of  a wall  system  depends 
on  these  factors: 

1.  The  cost  of  the  materials  and  labor, 

2.  The  maintenance  cost,  and 

3.  The  effect  on  the  cost  of  operating  the 
structure  (for  example,  how  the  heat 
loss  through  the  walls  will  influence  the 
cost  of  heating  a house) . 

The  finished  appearance  depends  on  the 
choice  of  finish  materials.  These,  in  turn,  may 
affect : 

1.  The  spacing  and  span  of  structural 
members, 

2.  The  type  and  physical  properties  of 
subsurface  materials,  if  any,  and 

3.  The  method  of  construction. 

Common  wall  systems  include  stud  wall 

construction,  panelized  construction,  ma- 
sonry construction,  and  post  and  beam  con- . 
struction. 


Stud  Wall 

The  usual  stud  wall  is  made  of  8'  lengths 
of  2"  X 4"  lumber  which  are  spaced  16"  or 
24"  on  center.  These  spacings  permit  the  use 
of  standard  widths  and  lengths  of  panel 
sheathing  and  siding.  The  stud  system  carries 
the  loads  of  all  vertical  members,  such  as 
the  roof.  The  space  between  the  studs  may 
be  used  for  insulation,  heating,  plumbing, 
and  electrical  materials.  Fig.  83-1. 

A stud  system  should  be  put  up  quickly  so 
that  the  roof  can  be  attached  to  it  to  give 
cover  for  people  working  on  the  inside.  Then 
they  don’t  have  to  worry  about  the  weather. 
A stud  system  has  the  advantages  of  giving 
e.xcellent  structural  strength  and  using  low 
cost  basic  materials.  The  stud  system  also 
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provides  a base  for  many  finishes  and  can 
be  made  on  or  off  the  site. 


Panelized  Walls 

Wall  panels  and  component  systems  may 
consist  of  preframed  panels  made  of  precut 
wood  studs  to  which  sheathing  has  been  fas- 


Fig.  83-2.  Interior  and  exterior  frames  are  made  on 
the  floor.  They  are  then  tilted  up  and 
nailed  in  place. 


Fig.  83-3.  A crane  places  the  wall  panel  of  a 

prefabricated  house.  The  wall  is  lined  with 
a single  panel  thick,  8’  high,  and 
20'  long. 


tened.  Fabrication  may  include  putting  in 
insulation,  vapor  barriers,  wiring,  inside  and 
outside  finishes,  windows,  and  doors.  Panels 
may  be  fabricated  off  the  site  in  any  size 
that  can  be  handled.  Fig.  83-3. 

Prefabricated  wall  panels  have  many  ad- 
vantages and  have  proved  to  be  excellent  in 
structural  performance.  However,  they  re- 
quire careful  design  to  be  able  to  accommo- 
date mechanical  equipment.  They  may  need 
special  handling  and  building  procedures 
(Fig.  83-4),  and  they  may  not  be  acceptable 
to  local  building  codes. 


Masonry  Walls 

Masonry  walls  made  from  concrete  block 
are  the  easiest  to  construct.  They  may  sim- 
ply continue  from  the  foundation.  Openings 
are  left  for  doors  and  windows.  Brick  walls 
with  a cavity  are  more  commonly  used.  This 
method  uses  two  separate  walls  which  can 
be  brick  and  brick,  brick  and  tile,  or  brick 
and  block.  A space  (cavity)  is  left  in  be- 
tween them.  The  two  walls  are  held  together 
by  using  metal  ties.  Fig.  83-6.  Many  kinds 


Fig.  83-4.  A precast  wall  panel  is  erected  for  this 
house. 
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of  stone  walls  also  are  used  for  outside  walls. 
One  big  problem  of  masonry  walls  is  that  of 
insulation.  Masonry  construction  transmits 
cold  or  heat.  To  stop  this,  insulation  can  be 
poured  directly  into  the  cavity,  or  the  walls 
can  be  furred  on  the  inside  with  insulation 
put  in  between  the  furring  strips. 

Brick  or  stone  veneer  is  a nonload  bearing 
masonry  facing  put  on  over  other  structural 
materials.  The  veneer  makes  the  exterior  sur- 
face weatherproof. 

Usually  masonry  walls  are  left  exposed. 
However,  they  may  be  finished  on  the  outside 
with  stucco  or  other  coatings.  Masonry  walls 
are  used  because  they  are  strong  and  have 
low  maintenance  costs. 


Post  and  Beam  Walls 

Post  and  beam  wall  systems  are  made  of 
posts  which  carry  the  loads  of  floors,  roofs, 
and  ceilings.  Nonbearing  wall  sections  are 
put  between  the  posts.  Posts  are  generally 
4"  X 4"  lumber  spaced  4'  to  8'  on  center. 
Wall  areas  between  posts  are  framed, 
sheathed,  and  finished  much  like  other  wood 
panel  systems.  They  are  used  mostly  as 


Fig.  83-5.  Two  brick  walls  are : held  together  by 
metal  ties. 


weather  barriers  and  give  support  to  the 
posts.  This  kind  of  construction  is  used 
widely  on  ranch  style  homes  where  the 
natural  look  of  beams  and  posts  is  wanted. 


Summary 

The  selection  of  the  basic  kind  of  wall  to 
be  used  greatly  affects  the  selection  of  ma- 
terial for  the  rest  of  the  building.  The  basic 
kinds  of  walls  are  (1)  stud  walls,  (2)  panel 
walls,  (3)  masonry  walls,  and  (4)  post  and 
beam  walls. 

Stud  walls  are  used  in  conventional  and 
in  precut  kinds  of  construction.  Lumber  is 
used  throughout,  and  each  piece  is  handled 
and  installed  separately.  Panel ized  walls  are 
made  and  installed  as  units.  Masonry  walls 
are  the  most  fire-resistant  kind  of  wall,  and 
they  are  very  strong.  They  also  need  the 
least  amount  of  maintenance.  Post  and  beam 
walls  are  used  where  special  effects  of  ex- 
posed posts  and  beams  are  wanted  for  ap- 
pearance. 


Terms  to  Know 


functional  performance 

cavity 

structural  strength 

insulation 

overhead 

transmits 

maintenance 

veneer 

stud  wall 

stucco 

fabricate 

on  center 

prefabrication 
component  system 

appearance 

Think  About  It! 

1.  Why  do  you  think  2" 

X 4"  studs  com! 

2.  What  style  of  wall  construction  has  been 
used  in  your  school  building?  Is  this  style 
often  used  in  homes? 
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Building  Floors 
and  Ceilings 


In  house  construction  there  are  two  major 
kinds  of  flooring  material  used  as  subfloor. 
These  are  concrete  and  wood.  A large  variety 
of  materials  are  used  as  finished  floor  sur- 
faces and  for  ceilings. 


Concrete  Subfloors 

For  houses  without  basements  or  for  un- 
excavated portions  under  houses,  a concrete 
slab-on-earth  is  an  excellent  kind  of  subfloor, 
Fig.  84-1.  The  earth  under  the  slab  should 


Fig.  84-1.  This  concrete  slab-on-earth  is  an  excellent 
subfloor.  The  heating  ducts  and  water 
pipes  are  already  under  the  floor. 


be  well  packed  down  by  tamping  and  rolling 
to  prevent  any  settlement  of  the  floor  slab. 

A coarse,  gravel-type  fill  should  be  placed 
over  this  finished  subgrade  and  compacted. 
This  fill  can  be  coarse  cinders,  slag,  gravel, 
or  crushed  stone.  The  fill  acts  as  an  insulator 
and  as  a protection  against  moisture  from 
the  ground. 

Where  drainage  can  be  a problem,  drain 
tile  should  be  put  in  around  the  outside  edge 
of  the  outside  wall  footing  and  connected  to 
proper  drains.  If  you  are  locating  the  house 
on  high  ground  or  in  a dry  climate,  the  tile 
may  not  be  necessary. 

Where  needed,  steps  can  be  taken  for  put- 
ting in  ducts  for  heating  systems,  plumbing 
lines,  and  electrical  conduits  under  the  gran- 
ular fill.  Much  care  should  be  taken  to  make 
certain  that  these  lines  rest  on  firm,  packed 
soil  and  that  the  fill  dirt  also  is  packed  down. 
If  these  lines  settle,  expecially  the  plumbing 
lines,  they  can  cause  much  trouble  and  costly 
repairs. 

A 1"  thick,  continuous,  waterproofed, 
rigid  insulation  strip  should  be  put  in  be- 
tween the  foundation  wall  and  the  edge  of 
the  floor  slab.  This  will  keep  frost  and  cold 
from  coming  through  the  outside  foundation 
wall  to  the  inside  floor.  It  also  acts  as  an 
expansion  strip  to  absorb  expansion  and  con- 
traction of  the  slab  as  the  temperature 
changes. 

To  keep  moisture  from  rising  from  the 
earth  under  the  slab,  a vapor  barrier  must 
be  installed.  The  two  most  popular  vapor 
barrier  materials  are  asphalt-impregnated 
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(filled)  fiber  sheets  and  polyethylene  film. 
They  are  put  over  the  granular  fill.  Caution 
must  be  used  not  to  puncture  or  put  holes  in 
this  vapor  barrier.  Before  the  concrete  is 
placed,  metal  reinforcement  in  the  form  of 
wire  mesh  is  cut  and  laid  over  the  vapor 
barrier.  See  Fig.  84-2. 

Concrete  for  the  floor  slab  should  be  made 
with  durable,  well-graded  aggregate.  It  may 
be  delivered  to  the  site  by  ready-mix  trucks 
or  it  may  be  mixed  on  the  job.  To  smooth 
the  wet  concrete,  it  is  screeded,  floated,  and 
then  troweled.  Fig.  84-3. 


Wood  Subfloors 

If  floors  are  built  on  joists,  the  joists  are 
covered  with  a subfloor  on  which  the  finished 
flooring  is  installed.  If  boards  are  used  for 
the  subflooring,  they  should  be  placed  diag- 
onally across  the  floor  joists.  These  boards 
are  generally  1"  thick  and  6"  to  8"  wide.  Ply- 
wood and  other  manufacl-ured  sheet  products 
also  are  used  for  subflooring.  They  are 
placed  at  right  angles  to  the  joists. 

Joist  floor  systems  provide  .space  for  heat- 
ing, air-conditioning,  electrical,  and  plunib- 
ing  equipment.  These  floors  also  are  easily 
insulated  to  keep  heat  lo.ss  low  and  to  reduce^ 
sound  transmission.  See  Fig.  84-4. 


FINISHED 

SUBGRADE 


-FOUNDATION 
' DRAIN 


Fig.  84-2.  Concrete  slab  floor  construction. 


Other  Floor  Systems 


Plank  and  beam  systems  are  made  by  the 
use  of  2"  X 6"  or  2"  x 8"  tongue-and-groove 
or  splined  planks.  They  are  installed  over 
beams  which  generally  are  spaced  4'  or  8' on 


Fig/'84-3.  These  men  are  striking  off  a concrete 


floor  slab. 


Fig.  84-4.  Tile  will  be  installed  on  top  of  this 
subfloor  system. 
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center  depending  on  the  beam  sizes.  The 
planks  serve  as  the  subfloor  and  may  be  the 
finished  floor.  They  transmit  the  floor  loads 
to  fewer  and  larger  members  than  do  conven- 
tional wood-joist  floor  systems.  Finished 
flooring  such  as  hardwood  flooring  may  be 
put  on  directly  over  the  planks.  Sheet  and 
tile  flooring  must  have  an  underlay,  Fig. 
84-4. 

Paneled  floor  systems  have  many  forms. 
One  common  system  uses  plywood  panels 
li/s"  thick  spanning  between  beams  spaced 
4'  on  center.  Panels  serve  as  a combination 
subfloor  and  underlay.  Other  systems  are 
made  of  simple  preframed  panels.  There  are 
other  kinds  of  paneled  floors  such  as  stressed 
skin  and  sandwich  panels.  Paneled  construc- 
tion does  give  many  of  the  advantages  of 
component  fabrication,  but  the  incorporation 
of  heating,  air  conditioning,  electrical,  and 
plumbing  equipment  requires  careful  design. 


Finished  Floors 

There  are  many  different  kinds  of  finished 
floors.  These  include  wood,  linoleum,  asphalt, 
ceramic  tile,  flagstone,  cork,  vinyl,  and  car- 
peting. Before  most  of  these  can  be  applied 
on  wood  subfloors,  an  underlay  of  hardboard. 


plywood,  or  particle  board  must  be  put  in  at 
right  angles  to  the  subfloor.  If  the  subfloor  is 
diagonal  the  underlay  can  be  installed  in 
any  direction.  Most  of  them  can  be  applied 
directly  to  concrete.  Fig.  84-5. 

Each  finished  floor  material  requires  spe- 
cial techniques  for  installation  on  concrete 
and  on  wood.  Special  fasteners  and  adhesive 
are  needed  in  each  case. 


Ceilings 

One-story  homes  can  have  different  kinds 
of  ceilings.  There  can  be  the  plank  and  beam 
ceilings  which  leave  all  the  members  ex- 
posed, Fig.  84-6.  The  most  common  ceiling  is 
one  installed  over  ceiling  joists.  Ceiling  joists 
are  installed  the  same  as  floor  joists.  How- 
ever, they  rest  on  the  rafter  plate  of  the 
outside  wall  and  on  a load  bearing  inside 
wall.  Bridging  is  not  generally  installed  be- 
tween these  joists. 

Multistory  homes  have  floor-ceiling  type 
systems.  This  means  a joist  installation  in 
which  the  the  joists  serve  two  purposes.  They 
support  the  flooring  for  the  second  floor,  and 


Fig,  84-5.  This  man  is  laying  out  lines  to  install  tile 
on  top  of  the  concrete. 


Fig.  84-6.  In  a plank  and  beam  ceiling,  the  roofing 

material  is  also  the  ceiling  material.  Notice 
that  the  beams  have  been  wrapped  in 
protective  paper. 
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they  serve  as  the  members  to  which  the  fin- 
ished ceiling  below  is  attached,  Fig.  84-7. 

If  prebuilt  roof  trusses  are  used,  the  bot- 
tom chords  of  the  trusses  serve  as  the  ceiling 
joists.  The  finish  ceiling  material  is  applied 
to  these  as  it  would  be  to  conventional  ceil- 
ing joists. 


Fig.  84-7.  This  man  is  installing  acoustical  tile  to 

special  strips  which  have  been  attached  to 
the  floor  joists  of  the  second  floor. 


When  a concrete  floor  is  used,  the  finished 
floor  is  put  directly  on  it.  Therefore,  it  must 
be  troweled  to  accommodate  the  finished  floor 
wanted.  When  wood  finished  floors  are  in- 
stalled, they  generally  are  nailed  to  the  sub- 
floor. Other  finished  flooring  usually  requires 
an  underlayment  over  the  subfloor.  This 
underlay  can  be  hardboard,  plywood,  or  par- 
ticle board.  Regardless  what  kind  of  floor 
is  used,  provisions  must  be  made  for  in- 
stalling heating,  plumbing,  and  wiring. 

Ceilings  are  built  much  the  same  as  floors. 
When  prebuilt  roof  trusses  are  used,  the  bot- 
tom chords  of  the  trusses  become  the  ceiling 
joists. 


Terms  to  Know 


tamping  and  rolling 

compacted 

component 

insulator 

vapor  barrier 


aggregate 
underlayment 
plank  and  beam 
joists 
trusses 


Summary 

The  two  main  kinds  of  subfloors  in  house 
construction  are  concrete  and  wood.  Houses 
without  basements  usually  have  concrete 
slabs  as  their  floors.  Houses  with  full  or 
partial  basements  generally  have  wooden  2. 
subfioors  with  some  kind  of  finished  flooring 
over  them. 


Think  About  It! 

1.  Are  the  floors  in  your  home  constructed 
of  wood  frame  or  concrete?  Are  most 
floors  in  homes  in  your  neighborhood  built 
this  way? 

Why  do  you  think  metal  is  not  a common 
material  used  in  floor  or  ceiling  construc- 
tion? 
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Building  Roofs 


You  have  already  learned  much  about  the 
flat  roofs  often  found  on  commercial  and  in- 
dustrial structures.  This  reading  will  describe 
the  sloped  or  pitched  roofs  which  cover  most 
homes. 

Functions  of  Roofs 

The  roof  protects  the  interior  from  wind, 
rain,  snow,  loss  of  heat  in  the  winter,  and 
excessive  heat  in  the  summer.  The  roof 
structure  also  may  add  a pleasing  appear- 
ance or  character  to  a building.  Each  of  these 
factors  must  be  considered  in  designing  and 
building  a roof. 

Styles  of  Roofs 

Certain  well-known  architectural  styles  are 
best  identified  by  looking  at  the  roof  of  the 
building.  Several  basic  designs  will  be  dis- 
cussed in  this  reading.  Variations  and  com- 
binations of  these  basic  designs  make  a 
great  many  roof  designs  from  which  to 
choose. 


O 
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Fig.  85-1.  This  flat  roof  combines  economy  of 
materials  with  enough  strength.  The 
overhanging  cornice  also  offers  protection 
from  the  sun. 


no. 


The  flat  roof  is  the  least  expensive  and 
easiest  to  construct.  In  the  North,  this  kind 
of  roof  has  to  be  made  very  strong  to  sup- 
port the  weight  of  snow.  Even  with  the 
extra  material  used  to  add  strength,  less 
total  material  is  needed  for  a flat  roof  than 
for  a sloped  roof.  See  Fig.  85-1. 

The  shed  roof  is  like  a flat  roof  that  has 
been  raised  on  one  side.  It  slopes  in  only 
one  direction.  The  shed  roof  is  not  often  used 
alone.  It  is  often  used  along  with  other  roof 
designs.  A carport,  a patio,  or  an  extra  room 
may  be  covered  by  a shed  roof.  Fig.  85-2. 

The  gable  roof  has  two  sloping  surfaces, 
one  on  each  side  of  the  center  line  of  the 
building.  The  end  walls  of  the  building  go 
up  to  the  peak  of  the  roof,  forming  what  is 
known  as  a gable  end.  This  roof  style  is  most 
commonly  combined  with  other  styles  of 
roofs.  The  pitch  or  slope  of  a gable  roof  can 
vary  from  almost  flat  to  very  steep.  Fig.  85-3. 


Fig.  85-2.  This  is  a shed  roof.  It  is  flat  but  not  level. 
, It  covers  a carport. 
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The  hip  roof  has  four  surfaces  which  all 
slope  upward  toward  the  center  of  the  build- 
ing. If  the  building  is  square,  the  four  sur- 
faces meet  at  a point  in  the  center.  How- 
ever, since  few  homes  are  exactly  square,  a 
hip  roof  generally  has  a short  ridge  section. 
The  hip  roof  is  one  of  the  most  common 
types  of  roof  found  on  homes  today.  Fig. 
85-4. 

The  gamhrel  roof  is  used  on  houses  of 
Dutch  Colonial  design.  It  is  like  the  simple 


Fig.  85-3.  A gable  roof  is  a combination  of  two  shed 
roofs,  Gables  are  commonly  used  when 
attic  space  is  desired. 


Fig.  85-4.  In  a hip  roof  all  surfaces  slope  toward 
the  center. 


gable,  except  that  each  half  is  split  into  a 
shallow  upper  section  and  a steep  lower  sec- 
tion. This  allows  for  better  use  of  the  attic 
space.  The  gambrel  roof  was  developed  in  the 
United  States  in  colonial  times  so  that  the 
homeowner  could  avoid  paying  a tax  imposed 
on  two-story  houses.  See  Fig.  86-5. 

The  mansard  roof  is  an  American  Colo- 
nial design.  Each  side  of  a mansard  roof  is 
split  into  two  surfaces  like  the  gambrel.  It 
is  also  like  the  hip  roof  because  all  four  sides 


Fig.  85-5.  The  roof  on  the  left  side  of  this  house  is  a 
gambrel  type.  What  type  roof  is  on  the 
right? 


Fig.  85-6.  The  mansard  roof  allows  the  attic  space 

to  be  used.  The  near  vertical  roof  becomes 
an  interior  wall.  Notice  the  dormers  on 
the  third  floor. 
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slope  toward  the  center.  In  the  mansard  roof, 
the  lower  slope  is  nearly  vertical  while  the 
upper  slope  may  be  nearly  flat,  Fig.  85-6. 

The  dormer  is  an  addition  to  one  of  the 
other  roof  types.  The  dictionary  defines  it  as 
a “houselike  structure  added  onto  a roof, 
providing  space  for  windows  or  ventilation 
for  the  inside  of  the  house,”  Fig.  86-6. 
Dormers  are  used  with  pitched  roofs.  At  the 
point  where  they  join,  a valley  is  formed. 
Dormers  are  roofed  at  the  same  time  as  the 
rest  of  the  roof. 

There  is  also  the  cmtemporary  roof  which 
has  many  different  and  unusual  curves  and 
slopes.  Among  these  are  the  vaulted,  serpen- 
tine, parabolic  (Fig.  85-7),  and  domed  roofs. 

Many  interesting  and  pleasing  roof  de- 
signs can  be  made  of  various  combinations 
of  the  basic  roof  designs.  Each  of  these  var- 
iations, however,  makes  the  roof  harder  to 
construct  and  more  expensive. 


Roof  Framing  Terms 

Roof  construction  has  its  own  vocabulary. 
Several  terms  are  identified  here  in  Fig.  85-8 


showing  a gable  roof  intersecting  with  a hip 
roof. 

In  describing  the  slope  of  a roof,  we  use 
the  same  terms  that  are  applied  to  hills  and 
to  stairways.  We  say  that  a steep  roof  rises 
sharply,  ,~nd  that  a roof  with  a very  slight 
slope  rises  gently.  The  rise  is  a vertical  mea- 

E 


Fig.  85-8.  Typical  roof  construction. 

A.  Ridge 

B.  Plate 

C.  Common  rafters 

D.  Hip  rafters 

E.  Valley  rafter 

F.  Jock  rafters 


Fig.  85-7.  The  seldom  seen  hyperparabolic  roof  is 

anchored  in  the  ground  at  two  points.  The 
roof  members  are  under  tension. 


Fig.  85-9.  In  a simple  gable  end,  the  run  is  one  half 
the  span. 
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surement.  It  can  be  combined  with  the  rwn 
(a  horizontal  measurement)  to  describe  a 
slope  in  exact  numbers.  If  you  climbed  the 
hill  in  the  picture,  you  would  move  upward 
(vertically)  2,000'  while  moving  horizontally 
1 000'.  This  slope  can  be  written  as  a com- 
mon fraction  and  reduced  to  lower  terms : 


RISE  ^ 2,000  ^ 2 
RUN  1,000  1 

The  span  of  a building  is  the  distance  be- 
tween the  walls  of  the  structure.  For  a gable 
end,  the  run  is  one-half  of  the  span  and  the 
rise  is  the  perpendicular  distance  froin  the 
center  line  of  the  building  to  the  top  of  the 
ridge.  See  Fig.  85-9. 


Roofing  the  Building 

After  the  roof  has  been  framed  and  cov- 
ered with  sheathing  of  shiplap,  tongue-and- 
groove,  square  cut  boards,  or  plywood  sheets, 
the  roof  structure  is  completed  and  is  ready 
to  receive  the  roofing. 


Fig.  85-10.  This  roofer  is  installing  red  cedar  shakes 
on  a Colonial  home. 


Some  of  the  most  popular  materials  for 
covering  a sloped  roof  are  asphalt  shingles, 
wooden  shingles,  metal,  slate,  tile,  and  sheets 
of  fiber  glass  or  other  plastic  materials.  The 
careful  selection  of  roofing  will  greatly  add 
to  the  beauty  of  a home.  Fig.  85-10. 


Gutters  and  Downspouts 

Gutters  (eaves  troughs)  and  downspouts 
prevent  rainwater  from  dripping  down  the 
walls  of  a building.  They  carry  the  water 
away  from  the  house.  This  helps  preserve 
the  outside  of  the  house  and  foundation,  Fig. 
85-11. 

There  are  many  kinds  of  gutters.  Among 
those  in  general  use  are  the  type-K  or  sQuare 
gutter,  the  half-round  gutter,  and  the  built- 
in  gutter.  Downspouts  or  conductor  pipes 
may  be  either  rectangular  or  round  in  shape. 
Wooden  gutters  are  made  of  Douglas  fir  or 
red  cedar  and  are  fitted  and  nailed  onto  the 
fascia  with  galvanized  nails.  Metal  gutters 
and  downspouts  are  made  of  galvanized  iron, 
aluminum,  or  copper. 

Gutters  and  downspouts  are  installed  on 
the  fascia  with  various  hangers  or  spikes 
and  sleeves.  The  joints  are  soldered  or  filled 
with  a special  mastic  (filler)  to  keep  them 


Fig.  85-11.  Gutters  and  downspouts  carry  water  from 
the  roof  away  from  a building. 
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from  leaking.  All  gutters  should  be  sloped 
toward  the  downspouts  1"  for  every  12'  to 
16'  of  gutter  length.  The  downspouts  are 
fastened  to  the  side  of  the  house  with  special 
hangers. 

Summary 

A roof  sheds  water,  gives  protection  from 
the  weather,  and  adds  beauty  to  a home. 
There  are  several  styles  of  roofs.  The  most 
popular  are  the  flat,  shed,  gable,  hip,  gam- 
brel, and  mansard  roofs.  There  are  many 
others  that  are  combinations  of  these. 

Some  of  the  most  popular  materials  for 
roof  coverings  are  asphalt  shingles,  wooden 
shingles,  metal,  slate,  tile,  and  sheet  plastic. 
Each  of  these  is  put  on  in  different  ways  by 
skilled  workmen.  The  roof  must  be  installed 
with  great  care  because  it  is  one  of  the  most 
important  parts  of  the  building. 

Gutters  are  installed  after  the  roof  cover- 
ing is  finished.  They  catch  the  water  that 
runs  off  the  roof  and  carry  it  away  through 
downspouts  or  conductor  pipes. 


Building  Roofs 

Terms  to  Know 

basic  roof  styles 

a.  flat 

b.  shed 

c.  gable 

d.  hip 

e.  gambrel 

f.  mansard 

g.  dormer 

h.  contemporary 
intersection 


Think  About  It! 

1.  What  style  of  roof  does  your  home  have? 
Are  the  buildings  on  each  side  of  your 
home  the  same?  If  not,  what  style  of  roof 
does  each  have? 

2.  How  do  the  seasons  and  weather  affect 
roof  design  where  you  live? 


roofing  terms 

a.  ridge 

b.  plate 

c.  common  rafter 

d.  hip  rafter 

e.  valley  rafter 

f.  jack  rafter 
rise 

run 

span 


The  material  used  and  the  operations 
needed  for  enclosing  exteriors  depend 
mainly  on  how  the  walls  are  constructed. 
Walls  may  be  classed  as  (1)  stud  walls, 
(2)  panelized  walls,  (3)  masonry  walls,  and 
(4)  post  and  beam  walls.  Most  homes  now 
have  stud  or  masonry  walls,  although 
panelized  walls  are  becoming  more  popular. 
Fig.  86-1. 


Sheathing 

Outside  sheathing  is  used  on  all  kinds  of 
outside  walls  except  masonry  walls.  It  is 
nailed  directly  onto  the  framework  and 


Fig.  86-1.  Panelized  walls,  although  uncommon,  are 


increasing  in  popularity.  These  panelized 
units  are  made  of  sheet  metal. 
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Enclosing 

Exteriors 

forms  a base  for  finish  siding,  shingles,  or 
other  coverings.  Fig.  86-2.  Sheathing  can  be 
individual  boards  or  panels  of  plywood, 
gypsum,  or  insulating  board.  Each  one  of 
these  has  separate  and  distinct  characteris- 
tics. The  panels  are  more  popular  because 
they  go  on  faster  than  board  sheathing.  In 
precut  and  prefabricated  construction,  the 
sheathing  is  needed  to  make  the  frame  rigid 
for  easy  transportation. 

Board  sheathing  can  run  at  a diagonal  to 
the  studs,  or  it  can  be  applied  at  right 
angles  to  the  studs.  The  latter  is  called 
horizontal  sheathing,  Fig.  86-3.  Diagonal 
sheathing  gives  greater  strength  because  it 
ties  together  sills,  joists,  plates,  and  studs. 
Fig.  86-4.  However,  this  method  is  more 
costly  because  it  takes  more  time  to  install 
and  more  material  is  wasted. 


Fig.  86-2.  Sheathing  forms  a base  for  finish  siding. 
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Plywood  sheathing  comes  in  4'  x 8' 
sheets  which  are  generally  nailed  at  right 
angles  to  the  studs.  Vertical  joints  be- 
tween plywood  sheets  should  be  on  different 
studs  in  succeeding  rows  of  sheathing.  This 
is  called  breaking  joints. 

Insulation  hoard  comes  in  several  sizes 
and  is  nailed  in  much  the  same  way  as 


CORNER 

POST 


DIAGONAL- 

BRACE 


Fig.  86-3.  Horizontal  sheathing. 


STUDt  CORNER  POST 
L CONSTRUCTED 
OF  2 X4 


Fig.  86-4.  Diagonal  sheathing. 
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plywood.  In  precut  and  prefabricated  panels, 
plywood  and  insulation  board  are  generally 
attached  vertically  to  the  studs.  Gypsum 
sheathing  generally  comes  in  16"  x 48" 
sheets  and  is  nailed  perpendicular  to  the 
studs.  Gypsum  is  easy  to  install  but  extra 
care  must  be  used  because  it  is  easily 
damaged. 


Installing  Windows 

After  all  the  sheathing  has  been  com- 
pletely installed,  the  windows  can  be  put  in. 
Fig.  86-6.  Most  modern  window  units  come 
completely  assembled.  The  sash  and  frame 
are  made  of  metal,  plastic,  or  wood.  They 
are  braced,  primed,  and  ready  to  be  in- 
stalled. The  manufacturer’s  specifications 
are  followed  in  installing  them. 


Installing  Doors 

Outside  door  frames  are  installed  in  much 
the  same  way  as  window  frames.  The  car- 
penter must  work  very  carefully,  making 
sure  the  frame  is  installed  plumb  and  level, 
or  he  will  have  trouble  hanging  the  door 
itself.  Door  frames  must  fit  the  type  of  build- 
ing construction.  They  also  must  be  in 
harmony  with  the  window  frames.  Doors  can 
be  made  of  metal  or  wood.  Doors  and 
frames  now  come  in  ready-to-hang  units 
which  are  prefabricated  at  a factory. 


Fig.  86-5.  Ones  the  sheathing  is  on,  the  windows 
and  doors  are  installed. 
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An  outside  door  unit  must  be  weather 
stripped  because  it  has  a very  high  heat  loss 
factor.  Weather  stripping  comest  in  many 
materials  including  metal,  rubber,  plastic, 
and  felt.  Weather  stripping  may  be  built 
into  the  frame  or  threshold,  or  it  may  be 
installed  after  the  door  is  hung. 


Louvers 

There  must  be  ventilation  of  the  attic 
space  or  the  space  between  a ceiling  and  a 
flat  roof.  Therefore,  louvers  are  installed  in 
the  gable,  in  the  soffit,  or  in  the  roof. 
Fig.  86-6. 


Finished  Siding 

Before  installing  siding,  building  paper  or 
15-pound  felt  is  put  on  the  outside  of  a 
frame  building  for  *two  reasons.  One  is  to 
provide  a moistureproof  barrier  on  the  out- 
side. The  other  reason  is  that  it  insulates 
against  heat  loss.  Fig.  86-7. 

Finished  siding  is  put  on  a house  (1)  to 
shed  water,  (2)  to  resist  vapor  penetration, 
(3)  to  provide  insulation,  and  (4)  to  add 
beauty. 

A great  many  exterior  materials  are  used 
for  finished  siding.  These  include  masonry, 
wood,  fiberboard,  plywood,  asbestos  mix- 
tures, aluminum,  enameled  steel,  plastic, 
glass,  poured-in-place  concrete,  and  stucco. 
Reading  58,  “Enclosing  Exterior  Walls,” 
describes  the  various  forms  in  which  each 
type  of  material  is  available. 

To  make  the  walls  more  weatherproof, 
caulking  compound  is  used  wherever  there 
are  any  cracks  or  joints.  Corners  are  fitted 
with  a corner  board,  mitered,  or  covered 
with  a metal  cap. 


Cornices 

The  cornice  is  the  part  of  a house  where 
the  roof  and  sidewall  meet.  In  most  houses 


the  roof  overhangs  or  sticks  out  from  the 
wall.  The  main  purposes  of  a cornice  are  to 
shed  water  away  from  the  sidewalls  and  to 
provide  an  edge  from  which  water  may  drip. 


Fig.  86-6.  This  carpenter  is  installing  ventilating 
soffit  panels. 


Fig.  86-7.  Installing  finished  siding. 
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Cornices  are  either  open  or  closed.  With 
open  cornices  the  rafters  are  exposed  under 
the  overhang.  With  closed  cornices  the 
rafters  are  boxed  in  and  covered,  Fig.  86-8. 

The  main  elements  in  a cornice  assembly 
are  the  fascia,  the  soffit,  and  the  frieze  (the 
uppermost  part  of  the  sidewall  where  it 
joins  the  soffit).  Many  times  the  soffit  is 
vented  by  the  use  of  louvers  or  by  screening 
a portion  of  the  space  to  help  ventilate  the 
attic.  This  allows  air  to  circulate  in  the  attic. 

Usually  metal  gutters  are  attached  to  the 
fascia  by  spikes  or  by  metal  hangers.  These 
also  help  protect  the  side  of  the  house  by 
carrying  water  away  to  a conductor  pipe. 
The  conductor  pipe  then  carries  the  water 
away  from  the  house. 
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cost  of  the  building  and  on  the  kind  of 
finished  siding  that  is  to  be  used. 

Windows  and  doors  are  put  in  place  after 
the  sheathing  is  completed.  Care  must  be 
taken  to  see  that  the  units  are  level  and 
plumb.  Louvers  for  ventilating  attic  spaces 
are  also  installed  at  this  time. 

After  building  paper  is  put  on  the  side- 
walls,  the  chosen  finished  siding  is  put  on. 
There  are  many  kinds  of  sidings.  All 
kinds  must  be  installed  according  to  the 
manufacturer’s  instructions. 

The  cornice  is  that  part  of  the  building 
where  the  roof  and  the  sidewall  meet.  The 
cornice  finishes  the  closing  in  of  the  house. 
Elements  such  as  gutters  and  louvers  are 
installed  on  it. 


Summary 

Sheathing  is  installed  on  the  outside  of 
most  wood  framed  homes.  The  kind  in- 
stalled will,  in  many  cases,  depend  on  the 
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Fig.  86-8.  Boxed  cornice. 


Terms  to  Know 


sheathing  soffit 

horizontal  louvers 

diagonal  mitered 

perpendicular  cornice 

insulation  board  fascia 

weather  stripping  frieze 


Think  About  It! 

1.  What  building  material  for  exterior  walls 
is  most  common  in  your  neighborhood? 
Have  materials  changed  from  those 
used  in  older  homes  or  buildings? 

2.  How  do  you  think  home  exterior  walls 
will  be  covered  30  years  from  now ? Why? 


I 
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Roughing  in  utilities  means  placing  all 
the  parts  which  must  be  inside  spaces  before 
the  spaces  can  be  enclosed.  There  is  an 
order  of  importance  in  doing  this.  Gen- 
erally utilities  are  roughed  in  in  this  order : 

1.  Heating, 

2.  Plumbing,  and 

3.  Electrical  work. 

Sheet  metal  ducts  are  less  flexible  than 
electrical  wires  or  plumbing.  Fig.  87-1.  Also, 
it  is  much  easier  for  the  electrician  to  run 
wires  than  it  is  for  a plumber  to  install 
pipes. 


Heating 

Before  installing  a heating  plant  you 
must  decide  how  large  a heating  unit  is 


Fig.  87-1.  Generally,  the  ductwork  system  for  heating 
and  cooling  is  the  first  utility  to  be  roughed 
in.  Since  plumbing  and  wiring  systems  are 
more  flexible  in  nature,  they  are  easier  to 
rough  in  around  the  ductwork. 
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Roughing  in 
Utilities 

needed  and  how  much  heat  is  needed  in 
each  room  or  area.  This  is  done  by  figuring 
the  heat  loss  of  the  house.  The  factors  that 
are  needed  in  figuring  heat  loss  are: 

1.  Size  of  rooms, 

2.  Size  and  kind  of  windows, 

3.  Size  and  kind  of  doors,  and 

4.  Size  and  kind  of  exposed  walls,  ceilings 
and  floors  exposed  to  an  unheated  area. 

Prevailing  winds  and  the  normal  tempera- 
ture of  the  area  also  are  factors  to  be  con- 
sidered. These  are  all  compiled  and  a Btu 
(British  Thermal  Unit)  heat  loss  is  figured. 
All  heating  units  are  sized  according  to  Btu 
inputs  and  outputs.  From  the  heat  loss,  you 


Fig.  87-2.  Heating  and  cooling  specialists  are 

installing  a heating  plant.  The  size  of  the 
heating  unit  was  found  by  figuring  all  heat 
loss  factors. 
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can  figure  the  amount  of  heat  that  is 
needed  and  the  amount  of  radiation  or 
registers  that  are  needed  in  each  room, 
Fig.  87-2. 

Heating  can  be  classified  under  two  head- 
ings, wet  heat  and  dry  heat.  Wet  heat  refers 
to  the  agent  that  heats  the  room.  In  this 
case  it  can  be  hot  water  or  steam  with 
water  as  the  agent.  Dry  heat  is  hot  air  heat, 
with  air  as  the  agent,  or  radiant  heat  from 
electricity.  There  are  advantages  and  dis- 
advantages to  both.  Wet  heat  may  give 
you  more  uniform  heat.  However,  there  is 
no  way  that  you  can  install  humidity  con- 
trol and  air  conditioning  in  the  same  unit. 

Many  fuels  such  as  gas,  oil,  coal,  and 
electricity  are  used  to  provide  heat.  The  one 
that  is  usually  chosen  is  the  one  that  is  the 
easiest  to  get  at  the  lowest  rate. 

Besides  the  heat  source,  the  kind  of  heat- 
ing system  also  must  be  chosen.  The  system 
selected  will  depend  on  the  owner’s  prefer- 
ence, cost,  and  whether  the  system  is  to  in- 
clude provisions  for  both  heating  and  cooling, 
as  well  as  air  treatment.  A person  living  in 
a coal  mining  region  may  find  it  economical 
to  use  coal.  A person  living  in  an  oil  refining 
area  may  find  it  cheaper  to  use  oil. 


Fig.  87-3.  Ductwork  carries  heated  or  cooled  air. 
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Wet  heat  radiators  may  be  tubes  installed 
in  the  walls  or  ceilings.  They  are  generally 
installed  as  units  in  each  room,  and  they  are 
placed  so  they  are  on  an  outside  (exposed) 
wall.  The  theory  behind  this  is  that  if  you 
can  heat  the  cold  air  before  it  gets  to  the 
inside  of  the  room,  then  the  room  will  be 
warm  and  draft  free. 

Hot  air  systems  have  registers  located  on 
the  outside  or  inside  walls  depending  on  the 
system  chosen.  The  perimeter  loop  system 
places  the  hot  air  registers  on  the  outside 
walls  and  the  cold  air  intakes  on  an  inside 
wall.  This  system  was  devised  to  copy  the 
wet  heat  theory  and  has  been  very  success- 
ful. The  conventional  system  has  the  hot  air 
registers  on  the  inside  wall  and  cold  air  in- 
takes on  exposed  walls. 

The  three  main  methods  of  sending  heat 
to  a room  are  (1)  ductwork  (sheet  metal 
pipes),  Fig.  87-3;  (2)  trunk  lines  (either 
water  lines  or  electric  lines)  ; and  (3)  in- 
dividual unit  heaters.  The  methods  used  to 
distribute  the  heat  in  the  room  are  convec- 
tion or  radiation. 

When  the  heating  system  depends  on 
forced  air  circulation  to  distribute  the  heat, 
you  have  the  chance  to  install  humidifiers, 
electronic  air  filters,  and  air  conditioning  in 
the  same  unit.  These  would  have  to  be  pro- 
vided separately  when  the  heat  is  distributed 
by  radiation.  However,  radiant  heat  is  usu- 
ally more  uniform  throughout  the  space  be- 
ing heated. 

Either  centrally  located  or  individual  unit 
heaters  can  be  installed  wherever  it  is  most 
convenient  and  best  for  heating  purposes.  If 
they  are  combustion  units,  they  should  be 
near  a chimney.  Electric  heaters  can  be  put 
anywhere  it  is  convenient  to  place  them. 

Electric  heat  is  gaining  rapidly  in  popu- 
larity. It  provides  very  clean  heat  and  gen- 
erally has  individual  controls  for  each  rooih. 
Houses  with  electric  heat  need  more  insula- 
tion and  tighter  construction  because  elec- 
tric heat  is  more  expensive,  and  heat  loss 
must  be  cut  to  a minimum. 

Depending  upon  the  kind  of  heating  sys- 
tem selected  for  a home,  one  or  more  crafts- 
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men  may  be  involved  in  the  installation.  A 
system  requiring  ductwork  is  installed  pri- 
marily by  sheet  metal  workers.  Electricians 
put  in  electrical  heating  systems  along  with 
other  electrical  work.  Plumbers  put  in  hot 
water  systems  along  with  other  piping. 


Plumbing 

Before  a plumber  starts  to  put  in  pipes  he 
must  carefully  study  the  plans  and  speci- 
cations  to  see  where  the  fixtures  are  to  be 
installed,  what  the  size  and  style  of  these 
fixtures  are,  what  size  pipes  are  needed  for 
these  fixtures,  and  where  the  pipes  are  to  be 
run.  He  then  lays  out  and  marks  where  these 
pipes  are  to  go.  After  they  are  all  laid  out, 
he  drills  and  cuts  out  the  openings.  These 
give  him  a target  to  shoot  for  when  he  is 
running  the  lines  under  the  openings. 

A plumber  generally  runs  the  soil  pipe, 
which  is  the  large  drain  pipe,  and  smaller 
drains  first.  Fig.  87-4.  To  run  soil  pipe  you 
have  to  start  at  the  sanitary  sewer  connec- 
tion which  is  just  inside  the  foundation  wall. 
All'drain  lines  have  to  slope  toward  the  sani- 
tary sewer.  About  to  the  standard 
.slope  for  drain  lines.  These  lines  run  to  the 
fixtures  and  continue  up  through  the  roof 
where  they  act  as  vents. 

Vents  allow  the  fixtures  to  drain  properly 
and  prevent  the  siphoning  of  water  from  the 
traps  under  each  fixture.  If  you  did  not  in- 
stall a vent,  it  would  be  the  same  as  turning 
a bottle  full  of  liquid  upside  down.  The  liq- 
uid just  gurgles  out  because  air  can’t  get 
into  the  bottle  easily.  The  same  principle  ap- 
plies to  a drainage  line.  A trap  is  installed 
under  each  fixture  to  keep  sewer  gas  and 
odors  from  entering  the  room  from  the 
sewer. 

Water  lines  generally  start  from  the  wa- 
ter meter,  which  also  is  just  inside  the  foun- 
dation wall,  and  run  to  all  the  fixtures.  To 
prevent  accidents,  the  cold  water  is  always 
on  the  right  side  as  you  face  the  fixture.  The 
hot  water  line  starts  from  the  water  heater 
and  runs  to  all  the  fixtures  where  hot  water 


is  needed.  The  hot  water  line  is  always  on 
the  left  side  as  you  face  the  fixtures.  The 
outlets  of  water  lines  are  generally  shut  off 
with  test  plugs  or  nipples  and  cs.ps  until  the 
inside  walls  and  floors  are  completed.  They 
are  removed  when  the  fixtures  are  installed. 


Fig.  87-4.  This  plumber  is  making  a soil  pipe 

connection  by  applying  an  adhesive  to  the 
plastic  T-joint. 


Fig.  87-5.  Here  water  supply  lines  have  been 
roughed  in  for  the  bathroom. 
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Permanent  fixtures  such  as  bathtubs  and 
shower  bases  are  installed  at  the  same  time 
as  the  roughing  in  takes  place  because  they 
must  be  built  into  the  walls,  Fig.  87-5. 


Electricity 

The  electrician  generally  hooks  up  the 
service  to  the  house  very  early  in  construc- 
tion so  other  craftsmen  working  on  the  house 
can  have  electric  power. 

After  the  heating  and  plumbing  have  been 
roughed  in,  the  electrician  will  locate  the 
number  of  outlets  as  set  by  codes  and  speci- 
fications and  attach  the  boxes  to  the  walls. 
He  will  then  drill  all  the  holes  needed  to  run 
the  wire  to  these  boxes,  Figs.  87-6  and  87-7. 
The  wire  is  attached  to  the  box  and  left 
coiled  up  in  the  boxes.  The  feed  end  is  at- 
tached to  the  panel  box,  but  it  is  not  hooked 
up  to  the  terminals.  This  leaves  the  circuit 
dead,  and  no  electricity  flows  through  it  un- 
til the  time  comes  to  finish  the  installation. 

There  are  many  other  appliances  and  fix- 
tures that  may  have  to  be  roughed  in.  Exam- 
ples of  these  are  communications  lines  (Fig. 


87-8),  the  ductwork  for  kitchen  fans,  and 
the  ductwork  for  laundry  chutes. 


Summary 

The  term  roughing  in  utilities  means  to 
install  all  the  parts  which  must  be  put  in 
before  the  framework  can  be  enclosed.  Heat- 


Fig.  87-7.  The  electrician  runs  the  wiring  through  the 
holes  that  have  been  marked  and  drilled. 


Fig.  87-6.  This  electrician  is  drilling  holes  in  the  studs 
so  that  wires  may  be  run  through. 


Fig.  87-8,  Wires  are  being  tied  into  the  telephone 
outlets  which  were  roughed  in  earlier. 
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ing,  plumbing,  and  electrical  work  are  usu- 
ally installed  in  that  order.  There  is  a variety 
of  heating,  plumbing,  and  electrical  fixtures 
and  installations  which  differ  according  to 
the  type  of  house,  the  desires  of  the  owner, 
the  codes  of  the  area,  and  the  plans  and 
specifications  to  be  followed.  The  roughing 
in  of  utilities  must  be  accurately  and  com- 
pletely done  to  avoid  costly  repair  work  af- 
ter the  framework  has  been  enclosed. 


Terms  to  Know 

roughing  in  utilities  convection 

wet  heat  radiation 


dry  heat 
radiator 
registers 

perimeter  loop  system 
conventional  system 


Think  About  It! 

1.  Why  are  the  heating  utilities  roughed  in 
before  plumbing  or  electrical  utilities? 

2.  If  someday  many  homes  will  be  built  in 
factories,  will  the  utilities  be  installed  on 
the  site  or  in  the  factory?  Where  will  they 
be  connected? 


combustion  units 

siphoning 

plumber 

electrician 

Btu 


{ 

t 

V 


f 


Working  on 
the  Interior 


After  the  plumbing,  heating,  wiring,  :air 
conditioning,  and  any  other  utilities  have 
been  roughed  in,  enclosing  operations  can 
continue. 


Insulation 


have  flaps  along  the  sides  for  easy  attach- 
ment to  studs.  The  vapor  harrier  must  al- 
ways face  the  inside  of  the  house,  Fig.  88-1. 
Batts  also  may  be  used  between  the  ceiling 
joists.  However,  loose  fill  is  easier  to  use 
where  the  ceiling  is  already  installed. 


Insulation  must  be  installed  in  the  outside 
walls,  ceilings,  and  sometimes  in  the  floors. 
Modern  insulation  comes  in  hatts,  blankets, 
rigid  slabs,  loose  fill,  and  aluminum  and  cop- 
per foil.  Batts  are  commonly  used  for  insu- 
lating framed  walls.  Batts  are  made  with 
one  surface  as  a vapor  barrier.  They  usually 


Enclosing  Walls  and  Ceilings 

In  the  past,  plaster  over  lath  was  the  most 
widely  used  inside  wall  and  ceiling  finish. 
Today,  plasterboard,  plywood,  hardboard, 
insulating  fiberboard,  plastic  laminate,  tile, 
and  masonry  finishes  also  are  common. 

In  lath  and  plaster  walls,  rock  lath  or 
metal  lath  is  used  as  a base  for  the  plaster. 


Fig.  88-1.  Batt  insulation  has  been  installed  in  the 


outside  walls  of  this  house.  The  shiny 
covering  on  the  inside  of  the  batts  forms  a 
vapor  barrier. 


Fig.  88-2.  The  plasterer  is  adding  a little  sand  to  the 
mixture.  This  plaster  will  be  applied  over 
the  scratch  coat. 
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The  plasterer  first  puts  on  a brown  or  scratch 
coat  of  plaster.  After  this  coat  has  dried,  a 
white  finish  coat  is  troweled  on  the  wall,  Fig. 
88-2.  The  technique  of  plastering  requires  a 
person  to  be  highly  skilled  in  this  trade. 

In  drywall  construction,  plasterboard  is 
applied  to  the  wall  or  ceiling  either  by  nail- 
ing or  by  fastening  with  adhesives,  Fig. 
88-3.  The  next  step  is  to  fill  and  tape  the 
joints  and  fill  the  depressions  made  by  set- 
ting the  nailheads  below  the  surface,  Fig. 
88-4.  One  or  more  extra  applications  of 
filler  are  made  after  the  first  coat  dries.  Af- 
ter the  final  coat  of  filler  has  been  put  on, 
it  must  be  lightly  sanded  until  it  is  even  with 
the  surface  of  the  plasterboard. 

Plywood  tvalls  or  other  manufactured 
panels  can  be  used  for  interior  finishing. 
They  come  in  plain,  decorated,  or  scored 
sheets.  These  may  be  put  directly  on  the 
studs  by  using  finishing  nails  or  adhesives. 
A stronger  and  more  desirable  installation 
is  one  in  which  plasterboard  is  put  on  the 
wall,  as  a base,  with  the  panels  put  on  over 
it. 

Hardboards  are  made  with  many  face  pat- 
terns for  interior  finishing.  They  come  in 


several  widths  and  lengths.  Some  have  to 
be  finished,  and  some  come  already  finished. 
They  are  tongued  and  grooved  on  the  edges 
and,  many  times,  on  the  ends. 

Insulating  boards  for  interior  finishing 
come  in  regular  4'  x 8'  sheets  and  in  smaller 
sizes  for  use  in  ceilings.  They  can  be  applied 
with  nails,  staples,  or  adhesive.  Some  are 
perforated  with  many  holes  to  improve  their 
soundproof  qualities. 

Plastic  laminates  come  in  various  sizes 
and  are  put  on  walls  and  ceilings  by  using 
adhesives  or  metal  channels.  They  should  not 
be  nailed. 

Tile  in  plastic,  steel,  ceramic,  or  glass  is 
in  common  use  for  interior  finish.  It  often  is 
used  in  bathrooms  and  kitchens.  Either  ply- 
wood or  plasterboard  is  a good  base  for  tile. 
Tile  is  installed  with  adhesive.  The  joints 
are  filled  (grouted)  after  the  tile  is  in  place. 

Masonry  products  have  an  important 
place  in  interior  finishes.  In  addition  to  brick, 
tile,  concrete  block,  and  natural  and  cast 
stone  or  various  kinds,  thin  veneers  of  brick 
and  tile  can  be  used.  Sections  of  these  may 
be  fixed  by  adhesives  to  a solid  backing.  The 
joints  are  fill  id  after  the  units  are  in  place. 


Fig.  88-3.  This  man  is  nailing  up  gypsum  drywall.  Fig.  88-4.  Here  the  gypsum  wallboard  joints  get 

Notice  his  special  hammer.  filled  and  taped  to  make  a smooth  joint. 
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Stairways 

Most  stairs  in  homes  are  straight.  How- 
ever, there  are  some  spiral  and  angular 
stairways.  Today  the  parts  of  staircases 
used  in  most  homes  are  stock  items  and  can 
be  gotten  easily,  Fig.  88-5.  The  three  main 
parts  of  a staircase  are  the  stringers,  the 
treads,  and  the  risers.  Stair  risers  are  usu- 
ally 634"  to  8"  high.  Treads  are  10"  to  11" 
wide.  Risers  and  treads  should  be  such  that 
one  can  walk  up  and  down  with  a normal, 
easy  stride.  A geneval  rule  for  building  a 
comfortable  stair  is : one  rise  plus  one  run 
should  equal  17".  For  ease  in  moving  furni- 
ture, stairs  should  be  no  less  than  3'  wide. 
There  are  many  different  styles  of  stairways. 
The  style  and  decor  of  the  house  help  de- 
cide what  stairway  style  is  used. 


Doors 

An  inside  door  unit  consists  of  jambs, 
casings,  stops,  door,  and  hardware. 

To  install  a door  unit,  the  jambs  are  in- 
stalled first.  Great  care  must  be  taken  to 


Fig.  88-5.  Stairways,  although  often  made  from  stock 
parts,  can  require  much  fitting. 
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make  certain  that  these  jambs  are  plumb  and 
square.  Casings  are  installed  next.  They  are 
nailed  onto  the  edge  of  the  jamb  and  into  the 
wall. 

The  door  is  hung  next.  It  is  sawed  and 
planed  to  fit  the  inside  of  the  jambs  with 
about  top  and  side  clearance  and  about 
14"  clearance  off  the  floor. 

The  butts  or  hinges  are  now  ready  to  in- 
stall. Gains,  which  are  slots  for  hinge  leaves, 
are  cut  in,  and  the  leaves  are  screwed  onto 
the  door  and  onto  the  jambs.  These  leaves 
should  match  perfectly  so  that  the  pins  can 
be  inserted  when  the  door  is  hung.  If  the 
door  does  not  close  freely,  more  planing  is 
done  wherever  the  door  rubs. 

The  lockset  is  installed  and  then  the  door 
stops.  Door  stops  are  strips  of  wood  which 
are  placed  against  the  closed  door  and  nailed 
to  the  jamb.  See  Fig.  88-6. 

Doors  and  frames  also  are  available  in 
units  that  are  ready  to  hang.  This  is  another 
step  in  prefabrication.  All  that  needs  to  be 
done  is  to  plumb  and  square  the  unit  into 
the  rough  opening  and  to  nail  it  in  place. 

Inside  Trim 

There  are  many  different  uses  for  inside 
trim.  The  trim  around  windows  and  doors  is 
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called  a casing.  The  trim  where  the  walls 
meet  the  floor  is  called  the  baseboard.  The 
lower  part  of  the  window  trim  is  called  the 
stool.  Directly  under  this  is  the  apron. 

There  are  many  moldings.  They  are  used 
to  cover  cracks  or  joints,  or  to  add  beauty. 

The  lumber  for  trim  must  be  dried  in  a 
kiln  and  well  seasoned  before  installing.  All 
inside  trim  is  nailed  with  finishing  nails 
which  are  set  below  the  surface.  The  nail 
holes  are  filled.  The  two  most  popular  joints 
for  trim  work  are  mitered  and  coped  joints, 
Fig.  88-7. 

Flooring 

Flooring  materials  include  hardwoods,  re- 
silient flooring,  ceramic  tile,  and  carpeting. 


Each  has  advantages,  and  many  need  special 
floor  preparation. 

Floors  of  hardwood  are  still  the  choice  for 
many  modern  buildings.  Red  or  white  oak, 
birch,  beech,  and  maple  all  are  used  in  mak- 
ing flooring.  Fig.  88-8. 


Fig.  88-8.  Here  the  man  is  laying  the  last  row  of 
hardwood  flooring  blocks. 


Fig.  88-9.  This  man  is  installing  resilient  flooring.. 


Fig.  88-7.  Floor  molding. 


Resilient  flooring  has  grown  in  usefulness 
with  advances  in  design  and  quality.  It 
comes  in  large  rolls  and  is  cut  to  fit  the  room 
with  the  fewest  joints  possible.  It  also  comes 
as  individual  tiles,  Fig.  88-9. 

Resilient  flooring  materials  include  lino- 
leum, asphalt,  rubber,  asbestos,  vinyl,  and 
cork.  Resilient  floorings  are  laid  over  the 
subfloor  with  a suitable  adhesive.  Sometimes 
underlayment  is  laid  over  the  subfloor  before 
the  flooring  material  is  laid. 

Ceramic  tile  is  becoming  more  and  more 
popular  as  a floor  covering  because  newer, 
low-cost  methods  have  been  found  for  its  in- 
stallation. Other  flnish  materials  that  can 
be  used  on  floors  are  slate,  terrazzo,  marble, 
brick,  and  flnished  concrete  patterns. 

Carpeting  is  sometimes  used  as  a flnished 
flooring.  It  can  be  laid  over  slab  or  rough 
subflooring  with  a flber  or  foam  rubber  un- 
derlasrment. 


Summary 

Working  on  the  interior  means  flnishing 
everything  that  will  show  on  the  inside  of 
the  house.  This  kind  of  work  is  generally 
slow  because  care  must  be  taken  to  do  a good 
job.  A poor  job  will  detract  from  the  qual- 
ity of  the  house. 

Most  interior  work  is  done  in  the  follow- 
ing order;  (1)  insulating,  (2)  covering  in- 
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side  walls  and  ceilings,  (3)  putting  in  stair- 
cases, (4)  installing  inside  doors,  (6) 
trimming,  and  (6)  floor  work. 

Terms  to  Know 

insulation 
batts 
blankets 
rigid  slabs 
loose  All 
plaster 
scratch  coat 
drywall 

scored  sheets  of  plywood 
adhesives 
hardboard 
tongued  and  grooved 
plastic  laminates 
spiral  stairway 
angular  stairway 
resilient  flooring 
underlayment 

Think  About  It! 

1.  How  many  different  types  of  tradesmen 
or  craftsmen  can  you  name  that  would  be 
employed  to  finish  out  a newly  built  home  ? 

2.  What  interior  work,  if  any,  can  be  done 
during  or  before  exterior  work  and  the 
roughing  in  of  utilities  ? Why  ? 


stairway  parts 

a.  stringer 

b.  treads 

c.  risers 
door  parts 

a.  jambs 

b.  casings 

c.  door  stops 

d.  hinges 

e.  locksets 
inside  trim 

a.  casing 

b.  baseboard 

c.  stool 

d.  apron 

e.  mitered  joint 

f.  coped  joint 
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The  steps  remaining  to  complete  the  house 
are  painting,  decorating,  and  installing  ac- 
cessories. This  reading  is  about  that  work. 

Painting  and  decorating  are  done  to  put 
protective  and  decorative  coatings  on  interior 
and  exterior  surfaces.  The  materials  may  be 
applied  in  the  form  of  a liquid  such  as  paint 
or  in  the  form  of  thin  sheets  such  as  wall- 
paper. Paint  and  similar  finishing  materials 
dry  to  form  a thin,  continuous  surface  cover- 
ing. Sheet  materials  for  finishing  walls  are 
generally  called  wallpaper  although  some  are 
made  of  plastic,  cloth,  or  other  materials. 

The  last  step  before  completing  a house 
is  the  installation  of  fixtures  and  accessories. 
Much  of  a person’s  happiness  with  his  home 


Fig.  89-1.  The  walls  of  this  room  have  been  finished 
with  stoin  and  varnish.  Had  the  walls  been 
another  surface,  an  opaque  color  finish 
could  have  been  used. 
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depends  on  the  taste  used  in  choosing  these 
fixtures  and  accessories  and  the  skill  with 
which  they  are  installed. 


Painting  Materials 

Painting  refers  to  the  application  of  paint, 
varnish,  shellac,  lacquer  or  stain  on  surfaces. 
Oil  base  paint,  which  is  very  popular,  is  a 
mixture  of  colored  pigment  and  a liquid  ve- 
hicle, usually  linseed  oil.  Thinners,  such  as 
mineral  spirits  or  turpentine,  generally  are 
added  to  the  oil. 

There  are  many  other  paints  which  use 
water  as  the  vehicle.  These  include  latex, 
polyvinyl,  acetate,  and  alkyd  paints. 

Varnishes  are  combinations  of  resins 
(either  natural  or  synthetic)  and  drying  oils. 
The  resins  and  drying  oils  are  mixed  with 
an  evaporating  thinner  such  as  turpentine. 
The  mixture  (varnish)  is  applied  to  a wood 
surface,  and  it  dries  to  a hard  finish  as  the 
thinner  evaporates.  The  varnished  surface 
has  a good  resistance  to  water.  Fig.  89-1. 

Shellac  is  a natural  resin  which  forms  a 
sealer  or  gum  finish.  It  dissolves  in  alcohol 
and  has  a poor  resistance  to  water. 

Lacquers  are  quick  drying  solutions  of  ni- 
trocellulose and  resins.  They  give  a brilliant, 
smooth  finish.  Water  clear  lacquer  gives  a 
natural  finish. 


Applying  Paints 

Before  any  paint  is  applied,  the  surface 
to  be  painted  must  be  conditioned.  The  sur- 
face should  be  clean  of  dirt,  grease,  or  other 
foreign  materials.  Loose  paint  should  be  re- 
moved by  scraping. 


There  are  many  ways  to  put  on  paint. 
Brushes  used  to  be  the  only  way.  Large  sur- 
faces are  now  painted  using  rollers  and 
spray  devices.  Rollers  are  very  popular 
among  do-it-yourself  painters.  They  are  easy 
to  handle  and  do  the  job  quickly  with  nearly 
professional  results,  Fig.  89-3. 

Spraying  often  is  used  in  factory  or  shop 
painting.  The  spraying  machine  can  be  at- 
tached to  a central  air  system,  and  the  spray 


Fig.  89-2.  This  plasterer  is  applying  colored  plaster 
to  decorative  wall  plaques. 


Fig.  89-3.  On  large,  flat  surfaces,  paint  can  be 

applied  with  a roller.  This  one  has  a long 
handle  so  the  painter  can  stand  erect 
while  painting  the  floor. 
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can  be  controlled.  On  a site,  however,  an  in- 
dependent air  compressor  is  needed  for 
spraying. 

Traditional  practice  for  both  inside  and 
outside  painting  is  to  use  three  coats.  First, 
a primer  coat  is  used  to  seal  the  surface. 
Next,  an  undercoat  which  must  have  a good 
hiding  quality  is  put  on.  Finally,  a hard  out~ 
side  coat  is  applied.  Recently  developed 
paints  will  cover  some  surfaces  in  fewer 
coats. 

The  increase  of  masonry  block  construc- 
tion has  brought  about  a growing  use  of 
masonry  paint.  Portland  cement  paint  has 
benefited  from  the  water-resistant  silicones 
now  used  in  it.  It  can  be  put  on  new  concrete, 
fresh  cement  plaster,  or  stucco  while  they 
are  still  damp. 


Wallpaper 

Modern  technology  has  improved  wallpa- 
per. Electric  trimming  and  prepasting  may 
be  done  at  the  factory.  Low-cost  machine- 
printed  sectional  landscape  panels  are  be- 
coming popular.  It  is  now  possible  to  buy 
wallpaper  that  matches  drapery  and  uphol- 
stery fabrics.  Also  plastic-coated  wallpaper 
is  now  available.  Patterned,  coated  canvas, 
formerly  used  mostly  in  kitchens  and  bath- 


Fig.  89-4.  This  man  is  hanging  wallpaper.  On  the 

fable  in  the  foreground,  paste  is  applied 
to  the  back  of  the  wallpaper. 
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rooms  becfluse  it  is  wsshflble,  now  comes  in 
attractive  patterns  for  other  rooms.  See  Fig. 
89-4. 


Cabinet  Work 

After  the  painting  and  decorating  are 
completed,  accessories  are  installed.  The  in- 
stalling of  cabinets  may  be  a large  part  of 
this  work.  Cabinets  can  be  prefabricated  or 
custom-built  on  the  job.  Kitchen  cabinets 
used  to  be  free  standing  pieces  of  furniture. 
These  had  special  compartments  such  as 
flour  bins  and  silverware  drawers.  Develop- 
ments in  recent  years  have  leaned  toward 
prefabricated  units.  Today  nearly  all  kitchen 
storage  is  in  permanent  fixtures. 

Cabinets  are  of  three  general  kinds.  These 
are  base  units,  wall  units,  or  full-length 
units.  More  and  more  kitchen  cabinets  are 
now  factory-made  of  either  steel  or  wood. 
They  are  installed  on  the  job  very  quickly. 

Counter  tops  generally  are  made  of  plastic 
laminates  in  single-length  units  which  cover 
several  base  cabinets.  They  can  have  short 
back  splashes  or  full-length  back  splashes 


Fig.  89-5.  Kifcheni  oflen  confoin  many  builf-ins. 


that  extend  to  the  bottom  of  the  wall 
cabinets. 

Built-in  cabinets  are  made  on  the  job. 
Many  times,  cabinet  work  involves  the  in- 
stallation of  prefabricated  units  along  with 
some  custom  (on  the  site)  work.  Fig.  89-5. 

Plumbing  Fixtures  and  Accessories 

Bathroom  fixtures  include  toilets,  lava- 
tories (washbasins),  bathtubs,  and  showers 
together  with  their  traps  and  hardware.  A 
toilet  is  screwed  or  bolted  to  the  floor  or 
wall  with  a water-proof  seal  between  the 
fixture  and  the  surface  to  which  it  is  at- 
tached. It  requires  a cold  water  supply  and 
valve. 

Washbasins  can  be  fastened  to  the  wall 
with  hanger  brackets,  or  they  can  be  at- 
tached to  counter  tops.  Fig.  89-6.  Water 
supply  lines  and  faucets  then  are  connected. 
Lavatories  generally  need  an  exposed  trap 
in  their  drain  connections. 

Most  bathtubs  and  shower  stalls  are  in- 
stalled during  the  roughing-in  period  unless 
they  are  freestanding  units.  They  also  must 
have  water  supplies  and  drain  connections 
installed. 

Bathroom  accessories  then  are  installed. 
These  are  things  such  as  toilet  seats,  paper 
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Fig.  89-6.  The  lovoloriei  in  this  bofhroom  ore 

counlerlop-mounfed.  Notice  the  number  of 
other  occessories. 
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holders,  towelbars,  washbasin  legs,  tumbler 
and  toothbrush  holders,  soap  holders,  bath- 
tub or  shower  doors,  shower  curtain  rods, 
and  shower  arms  and  heads. 

Kitchen  fixtures  include  sinks,  stoves,  re- 
frigerators, garbage-disposal  units,  and  dish- 
washers. Faucets  and  strainers  must  be  at- 
tached to  the  sink  before  it  is  put  in.  The 
water  lines  then  are  attached  to  the  faucets. 

There  are  many  other  accessories  that 
must  be  connected  to  the  plumbing.  Exam- 
ples are  water  heaters,  outside  faucets,  hu- 
midifiers, gas  stoves,  and  sump  pumps 
(surface  water  pumps). 


Heating  and  Air  Conditioning 
Accessories 

The  kind  of  accessories  used  depends  on 
the  kind  of  heating  system  used.  Most  of 
these  systems  must  have  controls,  heating 
unit  covers  (registers),  and  humidifiers. 
Heating  systems  also  may  require  vents  and 
covers  or  enclosures,  Fig.  89-7. 


Electric  Fixtures  and  Accessories 

Electric  light  fixtures  are  attached  to  out- 
let boxes  in  different  ways,  depending  on  the 
style  of  fixtures  used.  The  electrical  connec- 
tions are  made  from  the  proper  wires  in  the 
outlet  box  to  the  proper  wires  in  the  fixture. 
Switches  and  receptacles  are  wired  and  fas- 
tened to  the  wall  boxes.  These  are  finished 
off  with  plates  that  are  fastened  to  the  re- 
ceptacles or  switches  with  small  machine 
screws. 

At  this  time,  when  fixtures  and  accessories 
are  being  installed,  an  electrician  also  con- 
nects wires  to  other  appliances,  fixtures,  and 
accessories  such  as  garbage  disposal  units, 
dishwashers,  kitchen  fans,  heating  units, 
water  heaters,  stoves,  and  other  built-in  con- 
veniences, Fig.  89-8. 


Miscellaneous 

New  developments  are  adding  many  new 
accessories  and  appliances  for  use  in  houses. 
Some  of  these  accessories  are  electric  gar- 
age door  operators,  central  vacuum  cleaner 


Rg.  89>8.  This  electrician  is  wiring  a kitchen  exhaust 
fan. 


Fig.  89>7.  This  workman  is  about  ready  to  install  the 
grill  cover  on  the  electric  space  heater. 
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systems,  home  fire  alarm  systems,  open- 
hearth  prefabricated  fireplaces,  and  com- 
munication systems  or  sound  systems.  This 
work  probably  will  continue  to  expand  as  a 
part  of  house  construction. 


Summary 

The  most  common  way  of  decorating  and 
protecting  interior  and  exterior  surfaces  is 
painting,  a term  which  actually  refers  to  the 
application  of  paint,  varnish,  shellac,  lacquer, 
or  stain.  Wallpaper  and  similar  wall  cover- 
ings are  also  very  popular.  They  are  avail- 
able in  many  patterns,  colors,  and  materials. 
Wallpaper  is  applied  with  an  adhesive  which 
sometimes  is  bought  separately  and  some- 
times is  applied  to  the  paper  at  the  factory. 

One  of  the  last  steps  in  completing  a house 
is  putting  in  fixtures  and  accessories.  Most 
of  these  are  manufactured  away  from  the 
job  and  are  delivered  to  the  site  as  units  or 
components.  Much  time  and  effort  should  go 
into  the  selection  and  installation  of  these 
articles  because  the  home  owner  will  see 
them  and  have  to  live  with  them  for  a long 
time. 

The  final  work  of  installing  fixtures  and 
accessories  is  done  by  carpenters,  cabinet- 


makers, electricians,  plumbers,  sheet  metal 
workers,  and  other  tradesmen.  Usually  this 
work  is  done  on  a return  visit  to  the  site, 
some  time  after  roughing  in  or  preliminary 
work  was  done. 

Terms  to  Know 

wallpaper 
accessories 
paint 
varnish 
shellac 
lacquer 
stain 

liquid  vehicle 
linseed  oil 
thinner 
resins 

Think  About  It! 

1.  Can  you  think  of  reasons  why  fixtures 
and  accessories  should  not  be  installed 
before  painting  and  decorating? 

2.  In  your  home,  how  many  different  fixtures 
and  accessories  can  you  name  that  are 
in  your  kitchen?  What  room  in  your  house 
has  the  most  fixtures  and  accessories? 


air  compressor 

primer  coat 

undercoat 

hard  outside  coat 

hanging  wallpaper 

silicones 

plastic  laminates 

cabinets 

lavatory 

trap 

humidifier 
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The  project  is  not  completed  until  the  lot 
is  landscaped.  Landscaping  begins  with  the 
landscape  plan  and  ends  when  the  land- 
scapers do  the  Anal  cleanup  on  the  site. 


Landscaping  Plan 

A landscape  architect  may  be  hired  to  de- 
velop and  draw  a landscape  plan  of  the  home 
site.  This  plan  shows  the  kinds  and  locations 
of  shrubs,  trees,  hedges,  and  ground  cover. 


— READING  90 


The  location  of  the  house,  garage,  drive- 
ways, walks,  and  other  structures  also  are 
shown  on  the  plan.  Fig.  90-1.  The  landscape 
architect  also  may  suggest  changes  to  the 
topography  of  the  land  to  improve  the  ap- 
pearance of  the  house  and  the  function  of  the 
site. 

A landscape  contractor  may  be  hired  to 
develop  the  landscape  plan.  He  usually  will 
develop  the  plan  at  no  cost  to  get  the  con- 
tract for  the  landscaping.  The  landscape 
plan,  whether  prepared  by  the  landscape  ar- 
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chitect  or  the  landscape  contractor,  is  usu- 
ally developed  with  the  help  of  the  architect 
who  designs  the  house. 

Building  Accesses  and  Features 

Before  Anal  shaping  and  finishing  of  the 
earth  can  begin,  building  accesses  and  fea- 
tures should  be  added  to  the  house.  Building 
accesses  include  driveways,  walkways,  and 
parking  areas.  The  features  added  to  the 
house  include  patios,  fences,  walls,  benches, 
pools,  lights,  sculptures  or  statues,  and  plant 
boxes. 

The  building  accesses  usually  are  added  to 
the  site  after  the  foundation  has  been  back- 
filled. The  features  such  as  bases  for  statues, 
patios,  walls,  fences,  and  pools  also  are  con- 
structed at  this  time.  Fig.  90-2. 


Shaping  and  Finishing  the  Earth 

The  next  step  in  landscaping  is  shaping 
the  land  surface  as  shown  on  the  landscape 
plan.  The  contractor  must  keep  the  flow  of 
water  in  mind  during  this  stage  of  landscap- 
ing. The  ground  can’t  be  too  steep,  or  the 


Fig.  90-Z  With  tho  accont  on  outdoor  living,  gardon 
rooms,  patios,  lawns,  flower  beds,  and 
swimming  pools  are  combined  into  o 
functional  and  attractive  setting. 


soil  will  wash  away.  If  the  ground  is  too 
flat,  water  will  gather  in  puddles. 

The  earth  is  rough  graded  to  give  the 
needed  slope.  Stones  and  other  debris  are 
taken  from  the  site.  Then  the  lot  is  graded 
for  the  last  time  to  the  exact  slope  and  con- 
ditions wanted. 


Preparing  the  Soil  for  Planting 

The  topsoil  is  put  back  over  the  site.  If 
more  topsoil  is  needed,  the  contractor  will 
have  it  hauled  in. 

The  topsoil  can  be  put  back  in  two  ways. 
It  may  be  done  by  hand  using  a wheelbar- 
row, shovel,  and  rake;  or  it  may  be  done  by 
machine  using  a bulldozer.  The  bulldozer 
method  is  used  often  and  is  low  in  cost  as 
compared  to  the  hand  method  if  the  area  is 
very  large.  If  the  grading  is  done  with  a 
bulldozer,  the  soil  is  packed  down  and  must 
be  loosened.  To  do  this  a tractor  with  a 
plow  may  be  used  to  plow  up  the  soil  several 
inches  deep. 

The  ground  is  then  cultivated  to  cut  up  the 
chunks  of  soil.  When  this  is  done,  the  ground 
is  dragged  to  level  out  the  soil.  The  next  step 
is  raking  the  plot  to  remove  any  debris.  Af- 
ter raking,  the  soil  may  have  lime  and  fer- 


Fig.  90-3.  Soil  must  bo  cultivated  and  fertilized  to 
receive  grass  seed. 
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tilizer  added  to  it  to  enrich  the  soil  for  good 
plant  grciwth,  Fig.  90-3. 


Planting  Trees  and  Shrubs 

It  is  at  this  point  that  lawn,  trees,  and 
shrubs  are  added.  The  trees  and  shrubs  are 
planted  first.  Fig.  90-4.  Using  the  landscape 
plan  as  the  guide,  the  gardener  marks  the 
locations  of  the  trees  and  shrubs  with  stakes. 


Fig.  90-4.  Trees  and  shrubs  are  planted  according  to 
the  landscape  plan. 


Holes  are  dug,  and  the  trees  and  shrubs  are 
planted.  Extra  soil  is  removed  if  it  has  sand 
and  silt  in  it.  If  needed,  fertile  soil  is 
brought  in  and  placed  around  the  trees  and 
shrubs. 


Laying  Lawns 

The  lawn  is  the  most  important  part  of 
landscaping.  Lawns  control  surface  water 
and  give  the  site  a pleasing  look.  The  two 
methods  commonly  used  for  laying  lawns 
are  sodding  and  seeding. 

Sodding  gives  an  almost  ready  lawn. 
Strips  of  sod  are  laid  out  on  the  prepared 
ground  surface.  They  are  placed  closely  to- 
gether and  rolled  or  tamped  i;a  place  to  in- 
sure root  growth.  Fig.  90-5. 

Seeding  is  not  as  expensive  as  sodding. 
The  soil  is  prepared  by  adding  lime  and  fer- 
tilizer and  by  removing  any  debris  from  the 
topsoil.  The  seed  is  spread  by  hand  or  by 
machine  so  there  is  an  even  grass  growth. 
The  seed  is  then  raked  into  the  soil  and 
the  lawn  is  rolled  to  compact  the  soil  to  keep 
the  seed  from  blowing  or  washing  away.  The 
ground  may  be  covered  with  straw’  or  bur- 
lap and  watered  to  encourage  growth. 


Planting  Flowers 

While  the  gardener  is  waiting  for  the  lawn 
to  come  in  (three  to  four  weeks),  he  begins 
planting  flowers.  The  flower  beds  are  pre- 
pared by  adding  topsoil  or  peat  moss  to  the 
beds.  Using  the  landscape  plan,  the  gar- 
dener then  plants  the  flowers  where  they  are 
wanted. 


Removing  Temporary  Facilities 
and  Equipment 

^Vhen  the  trees,  shrubs,  lawn,  and  flowers 
have  been  planted,  the  contractor  and  land- 
scaper begin  removing  their  equipment  and 
temporary  facilities.  These  items  are  no 


Fig.  90*5.  Sod  is  toid  to  give  the  site  o finished  look. 
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longer  needed  for  construction  and  may 
hinder  the  cleanup. 


Cleaning  Up 

After  removing  temporary  facilities  and 
equipment,  the  clean-up  job  begins.  Since  the 
landscaping  is  finished,  the  debris  cannot  be 
burned  or  buried.  Therefore,  all  debris  left 
on  the  site  must  be  hauled  away. 


Removing  the  Equipment 

Removing  the  equipment  is  the  last  job  on 
the  site.  The  landscaper  and  contractor  re- 
move all  equipment,  tools,  materials,  and 
supplies  from  the  site.  These  items  are  re- 
turned to  the  storage  yards  and  made  ready 
for  future  use. 


Multiphase  Landscaping 

It  is  best  to  complete  landscaping  when 
the  house  is  built.  However,  some  homeown- 
ers may  not  be  able  to  do  this  because  of 
cost.  Then  the  landscaping  operations  may 


Fig.  90-6.  Here  is  a new  house  which  has  been 
landscaped  according  to  plan.  This  site 
would  look  unfinished  without  plants  or 
features. 


be  phased.  This  means  that  the  landscaping 
is  done  in  steps  over  a period  of  time.  The 
lawn  and  major  trees  should  be  put  in  the 
first  year.  More  landscaping  may  be  done  in 
later  years. 


Summary 

The  landscaping  of  the  building  site  is  the 
last  step  in  the  constructing  of  a house.  It 
begins  with  the  landscape  plan.  The  opera- 
tions used  to  complete  the  landscaping  job 
include  (1)  building  accesses  and  features, 
(2)  shaping  and  finishing  the  earth,  (3) 
preparing  the  soil  for  planting,  (4)  plant- 
ing trees  and  shrubs,  (5)  laying  the  lawn, 
(6)  planting  flowers,  (7)  removing  tempo- 
rary facilities  and  equipment,  (8)  cleaning 
up,  and  (9)  removing  equipment. 

No  matter  how  well  or  poorly  designed  a 
home  is,  a good  landscape  will  make  it  more 
pleasing  to  look  at.  Fig.  90-6. 


Terms  to  Know 

shrubs 

gardener 

hedges 

lawn 

ground  cover 

sodding 

landscape 

seeding 

building  access 

lime 

building  features 

fertilizer 

topsoil 

peat  moss 

rough  graded 

debris 

cultivated 

dragged 

phased 

Think  About  It! 

1.  What  effect  does  weather  or  climate  have 

on  landscaping, 

2.  Why  is  landscaping  usually  the  last  step 
in  completing  a new  home? 
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City  and  Regional 
Planning  Factors 


Construction  projects  such  as  houses, 
streets,  sewers,  schools,  and  parks  are  built 
when  there  is  a need  for  them  and  if  the 
people  want  them  enough  to  pay  for  them. 
Each  forms  part  of  a city  or  regional  sys- 
tem. Proper  planning  can  help  projects  serve 
people  better  and  longer.  These  final  read- 
ings in  your  text  will  help  you  to  understand 
some  of  the  things  city  and  regional  planners 
have  to  consider  and  the  practices  they  use 
in  planning  the  constructed  parts  of  cities 
and  regions. 


tion.  At  that  location,  land  and  river  routes 
met  at  a great  harbor  used  for  ocean 
shipping.  This  meant  that  wharves,  ware- 
houses, and  railroad  yards  had  to  be  built 
to  store  and  distribute  goods.  There  was  a 
need  for  workers  to  handle  the  goods.  There- 
fore, places  to  live,  stores,  and  other  con- 
struction not  directly  related  to  transporta- 
tion also  were  built. 

The  steel  producing  cities  on  the  shores 
of  the  Great  Lakes  are  examples  of  cities 
which  grew  because  of  a need  for  a place  to 
change  the  form  of  materials.  Iron  ore  could 


Primary  Construction 

Construction  that  causes  the  birth  of  a 
community  is  called  primary  construction.  It 
creates  continuing  employment  and  causes 
more  construction  to  be  done.  Some  of  the 
needs  that  cause  primary  construction  to  be 
built  are  the  following: 

1.  Need  for  the  use  of  a natural  resource. 

2.  Need  for  a change  in  transportation. 

8.  Need  for  a place  to  change  the  form 
of  materials  (a  place  to  manufacture 
things). 

4.  Need  for  defense  from  enemies. 

5.  Need  for  political  action. 

Hoover  Dam  was  built  because  of  a need 
for  the  use  of  a natural  resource,  the  Colo- 
rado River,  to  produce  electrical  power.  Thus, 
Boulder  City,  Nevada,  grew  up  around  the 
primary  construction  of  the  Hoover  Dam. 

The  location  of  New  York  City  was  deter- 
mined by  a need  for  a change  in  traneporta- 

U3o 


Fig.  91*1.  Municipal  and  siaia  buildings  result  from  a 
demand  for  political  action. 
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be  brought  to  them  by  ship,  and  other  re- 
sources were  close  at  hand.  So  it  followed 
that  many  cities  on  the  Great  Lakes  became 
manufacturing  centers. 

The  city  of  San  Francisco  is  an  example 
of  a community  which  grew  from  a need  for 
defense  from  enemies.  A Spanish  fortress 
was  constructed  to  control  the  entrance  to 
San  Francisco  Bay.  The  city  of  San  Francisco 
grew  from  the  building  of  the  fort  because 
more  construction  was  needed  to  meet  the 
social  and  economic  demands  of  the  people 
at  the  fort. 

State  capitals  are  examples  of  communi- 
ties which  grew  from  a need  for  political 
action.  Generally,  more  than  one  of  these 
needs,  in  the  same  place,  is  the  reason  for 
primary  construction.  Boston  is  an  example 
of  a city  which  has  had  to  ni'‘*et  all  of  these 
needs.  Fig.  91-1. 


Building  in  the  Community 

Workers  are  needed  for  primary  con- 
struction, and  workers  will  be  needed  for 
its  maintenance  and  operation  after  it  is 
built.  As  the  number  of  people  increases  in 
an  area,  there  will  be  a greater  need  for 
housing.  Then  there  may  be  a need  for  such 
projects  as:  outdoor  recreation  facilities, 
housing,  schools,  and  stores.  The  community 
grows  as  its  people  have  new  needs  that  must 
be  satisfied.  These  needs  may  be  expressed 
as  demands  for  new  construction.  Only  then 
are  the  needs  satisfied.  See  Figs.  91-2,  91-3, 
91-4,  and  91-5. 


Construction  Factors 

A construction  project  should  be  economi- 
cal to  justify  its  reason  for  being  in  a com- 
munity. To  be  economical,  it  must  meet  three 
conditions : 

1.  There  must  be  a demand  for  the  con- 
struction. 

2.  The  construction  must  satisfy  the  de- 
mand, providing  a service. 


Fig.  91-2.  As  communities  expand,  there  will  be  a 
demand  for  new  streets. 


Fig.  91-3.  New  waste  treatment  plants  and  their 
piping  systems  are  needed  to  serve  the 
growing  communities. 


Fig.  91-4.  As  more  families  move  into  a community, 
more  schools  must  be  built. 
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3.  The  construction  must  be  located  on  a 
suitable  site. 

Demand  means  that  a person,  or  the  com- 
munity has  a reason  for  wanting  the  con- 
struction project  and  is  both  willing  and  able 
to  pay  for  the  cost  of  building  it.  It  would 
not  be  economical  to  build  something  people 
did  not  want  or  need. 

Service  means  what  the  construction  can 
do  for  the  community.  The  community  must 
be  able  to  use  the  constructed  object,  and 
it  must  be  in  a place  or  location  where  it  is 
easy  to  use. 

Site  means  the  ground  upon  which  the  con- 
struction object  is  built.  A construction  proj- 
ect is  not  economical  if  the  cost  of  building 
it  on  a certain  piece  of  ground  is  greater 
than  the  value  of  the  service  it  provides. 

To  be  built  and  maintained,  both  primary 
construction  and  that  which  results  from  it 
should  meet  demand  factors,  service  factors, 
and  site  factors. 


Demand  Factors 

1.  There  must  be  a demand  for  the  general 
type  of  project. 

2.  There  must  be  a demand  for  the  exact 
characteristics  or  qualities  of  the  project. 


Fig.  91-5.  Electrical  power  and  communication 

services  must  be  distributed  to  the  users. 
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3.  There  must  be  a demand  for  a certain 
number  of  the  projects  to  be  provided. 


Service  Factors 

1.  The  construction  must  be  located  where 
it  can  best  serve  people  and  be  conven- 
iently located  relative  to  other  construc- 
tion. 

2.  The  construction  project  must  be  located 
where  it  can  best  provide  for  or  meet  its 
own  needs. 


Site  Factors 

1.  The  construction  must  be  located  on  soils 
that  allow  a low  development  cost. 

2.  The  construction  must  be  located  on  a 
land  slope  that  allows  a low  development 
cost. 

3.  The  project  must  be  located  on  a site 
where  the  land  price  will  allow  low  de- 
velopment cost. 


Summary 

Construction  that  causes  j;he  birth  of  a 
community  is  called  primary  construction. 
Primary  construction  creates  employment 
which,  in  turn,  creates  the  need  for  more 
construction.  The  needs  that  cause  primary 
construction  to  be  built,  which  in  turn,  cause 
communities  to  develop,  include ; (1)  the  need 
for  the  use  of  natural  resources,  (2)  the  need 
for  a change  in  transportation,  (3)  the  need 
for  a place  to  change  the  form  of  materials 
(manufacturing),  (4)  the  need  for  defense 
from  enemies,  and  (5)  the  need  for  political 
action. 

Communities  come  into  being  when  work- 
ers who  are  needed  to  build  and  operate  a 
construction  project  move  to  or  near  its  site. 
These  workers  have  families  that  need 
housing,  schools,  and  places  to  shop.  A com- 
munity grows  as  its  people  have  additional 
needs  to  be  satisfied. 
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A construction  project  must  be  economical 
to  justify  its  reason  for  being  in  a com- 
munity. To  be  economical  it  must  meet  three 
conditions:  (1)  there  must  be  a demand  for 
the  project,  (2)  the  project  must  satisfy  the 
demand  by  providing  a service,  and  (3)  the 
project  must  be  located  on  a site  suitable 
for  construction. 

Terms  to  Know 

primary  construction  site 

political  action  maintenance 


demand  justify 

service 


Think  About  It! 

1.  Is  your  community  growing  in  population? 
What  plans  do  you  know  of  that  manage 
(plan,  organize,’ and  control)  its  growth? 

2.  What  are  some  of  the  primary  construc- 
tion objects  in  your  community?  When 
were  they  built? 


Communities  Grow  From 


Primary  Construction 

(based  on  favorable  conditions  of  demand,  service,  and  site) 


— Houses 

— Streets 
—Utilities 

— Schools 
— Parks 


—Natural  resources 

— Industry 

— Business 

— Changes  in  transportation 

— Defense 

—Political  action 


Further  construction 

(based  on  favorable  conditions  of  demand,  service,  and  site) 
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Planning 

Community 

Services 


Primary  construction  must  have  more 
than  people  to  serve  its  needs.  Primary  con- 
struction must  have  services  also.  Just  as 
primary  construction  must  meet  the  con- 
struction factors  of  demand,  service,  and 
site,  so  must  service  construction. 

Most  primary  construction  projects  nc-ed 
transportation  services  to  their  sites.  This 
demand  brings  about  the  construction  of 
roads  and  streets,  railroads,  docks,  airports, 
and  pipelines. 

Primary  construction  also  creates  the 
need  for  utility  services.  Water  treatment 
plants,  underground  sewer  pipes,  electric 
lines,  and  telephone  lines  are  kinds  of  con- 
struction that  bring  utility  services  to  pri- 
mary construction  projects.  Fig.  92-1.  With- 
out transportation  and  utility  services,  most 
primary  construction  cannot  serve  its  pur- 
poses. 


Transportation 

Different  kinds  of  service  construction  are 
needed  for  primary  construction.  In  this  sec- 


Rg.  92-1.  Utilities  must  be  available  to  construction 
projects  at  reasonable  cost. 


tion  we  will  look  at  the  five  major  kinds  of 
transportation  construction:  (1)  highways, 
(2)  railways,  (3)  airways,  (4)  watenvays, 
and  (6)  pipelines. 


Roads  and  Streets 

Roads  are  considered  to  be  those  routes 
outside  of  an  urban  area  for  cars  and  trucks. 
With  the  development  of  modem  roads  or 
highways,  traffic  runs  through  urban  areas 
as  freely  as  it  once  did  only  in  the  open 
countryside.  More  than  2,400  vehicles  an 
hour  can  move  in  each  direction  over  modem 
roads,  Fig.  92-2. 


Fig.  92-2.  This  modern  highway  carries  passengers 
and  freight.  Trucks  carry  everything  from 
automobiles  to  livestock. 
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Roads  are  generally  built  on  flat  or  sloped 
land  because  loaded  trucks  have  trouble 
climbing  steep  hills.  Where  necessary,  tun- 
nelling, bridging,  and  earthmoving  are  used 
to  reduce  or  avoid  steep  grades.  These  all  in- 
crease the  cost  of  construction.  Hard  or  firm 
soils  also  are  needed  to  hold  up  heavy  truck- 
ing loads.  In  addition,  roads  should  be  as 
straight  as  possible  to  make  them  safer  and 
more  efficient. 

Streets  are  built  to  service  urban  areas. 
The  three  basic  kinds  of  streets  are:  (1) 
service  streets,  (2)  collector  streets  (Fig. 
92-3),  and  (3)  arterial  streets  (Fig.  92-4). 
They  have  street  capacities  respectively  of 
600,  1,200,  and  1,800  to  2,400  cars  per  hour. 
Table  92-1.  Intersections  with  signals  are 
the  main  cause  of  limited  street  capacity. 
Signals  can  be  done  away  with  on  highspeed, 
arterial  streets  by  building  interchanges, 
Fig.  92-6. 

Things  to  be  considered  when  locating 
streets  are: 

1.  The  kinds  of  streets  needed, 

2.  The  shortest  possible  distance  between 
origins  and  destinations. 


Fig.  92-3.  Collector  streets  collect  rush  hour  traffic 
frortt  service  streets  and  move  it  to  arterial 


3.  The  use  of  as  few  streets  as  possible  to 
give  the  whole  community  fairly  short 
travel  routes, 

4.  Land  slope  and  soil  condition, 

6.  Streets  built  at  an  earlier  time, 

6.  The  shape  of  private  properties  (Fig. 
92-6),  and 

7.  Structures  in  developed  areas. 

Street  building  costs  include:  (1)  the  cost  of 
the  road  and  (2)  the  cost  of  the  land  the 
road  is  on. 


Fig.  92-4.  Arterial  streets  collect  traffic  from  many 
collector  streets. 


Rg.  92-5.  Intersections  are  the  main  couse  of  low 

traffic  copacily.  Here  highway  interchanges 
provide  uninterrupted  traffic  flow. 
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Table  92-1 


Street  CepecMes  et  Signalited  Intersectlens 
for  the  Three  teste  Kinds  of  Streets 


A 

• -1  / * 

7 

Service  street 

1 

600  cars  an  hour 

Conector 

street 

~2 

1200  can  an  hour 
(600  can  an  hour 
in  eadi  lane) 

Arterial  street 

“T 

1800  cars  an  hour 
(600  cars  an  hour 
in  each  lane) 

Arterial  street 
widened  at 
mtersection 
todi^tlantt 

~T 

2400  can  an  hour 
(600  can  an  hour 
in  eadi  lane) 

Railwajrs 

When  large  amounts  of  heavy  loads  must 
be  moved  many  miles,  railway  service  is  of> 
ten  the  least  expensive  means  of  transporta* 
tion.  Railroad  tracks  are  generally  built  on 
hard  or  firm,  flat  land.  Heavy  train  loads  are 
hard  to  pull  up  even  very  small  hills.  Fig. 
92*7. 


Waterways 

Water  transport  is  another  way  to  move 
heavy  toads.  The  waterway  must  be  close  to 
the  primary  construction  to  be  useful.  These 
waterways  also  must  be  deep  enough  and 
wide  enough  to  be  used  by  boats  and  barges. 
Using  waterways  causes  a need  for  more 
service  construction.  Docks  must  be  built  at 
the  water’s  edge  for  loading  freight  Roads 


Bg.  92-6.  Sfteeh  thof  are  built  around  properfie* 
leave  odd  si2ed  and  shoped  land  that  is 
difficult  to  develop. 


Airways 

Transportation  by  airplane  is  often  needed 
when  the  primary  construction  project  makes 
lightweight  things  of  very  high  value.  Air 
service  is  also  used  for  both  men  and  ma* 
terials  when  travel  time  must  be  short  To 
construct  an  airplane  landing  strip,  hard  or 
firm  soils  and  a large  amount  of  flat  low* 
priced  land  are  needed.  The  landing  strip 
should  be  close  to  the  primary  construction 
which  it  serves. 

Airways  also  require,  in  addition  to  land* 
ing  strips,  such  things  as  terminals,  naviga* 
tion  aids,  and  repair  facilities.  Pig.  92-8. 


Fig.  92-7.  Railroad  frocks  are  generally  builf  on  hard 
or  firm,  flat  land. 
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or  railroads  also  must  be  close  to  docks.  Flat 
or  sloped  land  and  hard  soils  are  needed 
near  the  docks  for  transporting  and  holding 
up  the  weight  of  the  freight  being  loaded. 


Ffg.  92-8.  Airways  include,  in  oddition  to  landing 
strips,  such  things  os  terminals,  oids  to 
novigation,  ond  stofoge  ar>d  repoir 
Facilities. 


Fig.  92*9.  Pipelcyers  of  work  building  a pipeline  to 
serve  the  community. 


Pipelines 

Some  things  can  be  carried  more  cheaply 
by  pipelines,  Fig.  92-9.  Oil,  gasoline,  and 
natural  gas  are  often  carried  by  pipelines. 
Some  solids,  such  as  finely  ground  coal,  are 
carried  with  the  help  of  water  through  pipe- 
lines. Pipelines  generally  run  underground 
following  the  shortest  distance  between  the 
places  wanting  pipeline  service.  Most  pipe- 
lines are  under  pressure.  Thus,  their  con- 
tents can  run  uphill  and  downhill  following 
the  slope  of  the  land.  Pumping  stations  must 
be  built  along  the  path  of  the  pipeline  to 
keep  pressure  in  the  piping  system. 

Utilities 

In  addition  to  transportation  construction, 
primary  construction  also  need  gas,  electri- 
cal, communications,  water,  and  sewer  serv- 
ices. The  construction  of  these  services  is 
called  utilitjf  construction. 

Most  areas  can  easily  get  gas,  electric, 
and  communication  services.  To  get  these 
services  at  primary  construction  sites,  usu- 
ally only  additional  lengths  of  pipeline  or 
cable  must  be  used.  These  lengths  bring  the 
utility  from  the  system  already  in  use  to  the 
new  primary  construction  site. 

Water  Systems 

Water  utilities  generally  require  more 
construction  than  gas,  electric,  or  communi- 
cation services.  Water  systems  are  mede  up 
of  three  things; 

1.  A water  treatment  plant, 

2.  A water  pump  and  pressure  tank,  and 

3.  Underground  water  piping. 

Water  is  brought  in  pipes  from  the  water 
supply  (river,  reservoir,  or  well)  to  the  wa- 
ter treatment  plant  At  the  water  treatment 
plant  the  water  is  filtered  and  chemicals  are 
added.  This  makes  the  water  safe  for  human 
use. 

After  the  water  is  treated,  it  is  piped  to 
the  places  needing  water  service.  When  the 
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water  source  itself  is  higher  than  the  highest 
site  to  be  served,  water  can  be  sent  to  users 
directly  from  the  water  treatment  plant 
Then  more  pressure  is  not  needed.  However, 
where  the  water  source  is  not  higher  than 
all  the  sites  it  serves,  a water  pump  and 
i pressure  tank  are  needed. 

I Water  leaves  the  treatment  plant  or  pres- 

I sure  tower  in  large,  underground  pipes. 

t These  pipes  are  large  because  they  carry  all 

I the  water  used  to  the  areas  to  be  served. 

I Pipes  that  branch  from  these  large  pipes  are 

i smaller.  The  smaller  pipes  take  the  water 

to  the  sites  where  it  will  be  used.  A treelike 
network  of  pipelines  is  formed.  The  large 
pipes  leaving  the  water  tower  are  like  a tree 
trunk  and  are  called  trunk  tines.  The  smaller 
pipes,  delivering  water  to  the  separate  sites, 
are  like  small  branches.  These  are  called 
I branch  lines. 

[ Site  factors  for  pipelines  are  less  impor- 

\ tant  than  they  are  for  other  construction. 

Although  trunk  lines  need  hard  or  firm 
soils  to  hold  them,  this  need  is  less  important 
for  smaller  pipes.  The  location  of  the  pipe- 
line does  not  depend  on  the  slope  of  the  land, 

I since  the  water  can  be  pumped  under  pres- 

I sure  and  can  flow  uphill  as  well  as  downhill. 

I Since  the  pipes  are  usually  put  in  publicly 

I owned  property  along  roads,  the  price  of 

I land  is  less  important  than  it  is  for  most 

I other  construction.  Study  Fig.  92-10. 

I 
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Sewer  Systems 


The  sewer  system  has  two  parts.  The  first 
is  the  underground  collection  system.  The 
second  is  the  treatment  plant. 

The  operation  of  the  sewer  system  is  al- 
most the  opposite  of  the  water  system.  The 
waste  enters  another  treelike  piping  system 
at  each  site.  But  it  enters  the  ends  of  the 
small  branches  and  flows  into  the  larger 
trunk  pipes  that  then  lead  to  the  treatment 
plant 

Unlike  the  water  system,  the  sewer  system 
does  not  operate  under  pressure.  The  flow  of 
the  waste  water  in  the  sewer  system  is 
caused  by  gravity.  Therefore  sewage  can 
flow  downhill  only.  At  the  treatment  plant 
the  solids  are  settled  (separated)  from  the 
liquid.  Then  the  water  is  treated  and  re- 
turned to  a natural  water  channel. 

Like  water  pipes,  sewer  pipes  are  laid 
along  the  roadbed  in  publicly  owned  land. 
Therefore,  land  price  is  not  a problem.  Since 
the  flow  of  the  sewer  system  depends  on  grav- 


Primary  Construction 
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ity,  the  slope  of  the  land  where  the  pipes  are 
laid  is  important.  Each  pipe  in  the  system 
must  be  placed  so  that  the  waste  entering  the 
pipe  will  flow  downhill  toward  the  treatment 
plant  To  let  all  sewage  flow  downhill,  the 
treatment  plant  must  be  placed  at  the  lowest 
level  in  the  area  being  served. 


SummaiT 

After  places  where  people  work  are  built 
it  is  necessary  to  provide  the  workers  with 
service  facilities.  These  services  may  gener- 
ally be  classed  under  the  headings  of  trans- 
portation and  utilities. 

Roads  and  streets,  railways,  airways,  wa- 
terways, and  pipelines  provide  transporta- 
tion services.  Gas,  electrical,  communication, 
water  and  sewer  services  are  called  utilities. 
Both  transportation  and  utility  services 
construction  must  meet  the  construction  fac- 
tors of  demand,  service,  and  site. 

When  primary  construction  has  all  of  the 


different  kinds  of  service  construction  it 
needs,  it  is  ready  to  be  operated  by  workers. 


Terms  to  Know 

transportation 
service  streets 
collector  streets 
arterial  streets 
water  transport 
pipelines 

utility  construction 
Altered 


water  treatment  plant 
water  pressure 
water  tower 
trunk  lines 
branch  lines 
underground  collection 
system 
gravity 


Think  About  It  1 

1.  Is  automobile  traffic  slow  in  your  commu- 
nity? If  so,  what  could  be  done  to  move 
it  faster? 

2.  What  is  the  source  of  your  drinking  wa- 
ter? Is  there  ever  a shortage  of  water? 
Why? 
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Housing  People 


Workers  employed  at  primary  construc- 
tion have  families  who  need  places  to  live. 
This  section  will  show  how  a demand  for 
housing  for  workers  adds  to  community  de- 
velopment 


Primary 

worker 


Rg,  93-1.  One  primary  worker  supports  himself  and 
his  fomily. 


The  Population  Multiplier 

It  has  been  found  that  the  average  number 
of  people  in  an  American  family  is  Zy±.  Be- 
cause of  this,  each  job  site  will  usually  have 
a population  around  it  equal  to  about  3V^ 
times  the  number  of  workers  employed 
there.  Fig.  93-1.  For  example,  a production 
plant  (primary  construction)  which  has  100 
workers  will  generally  have  about  360  people 
that  are  directly  supported  by  it 

The  production  workers  are  called  primary 
workers.  Their  families  need  goods  and 
services.  This  means  bankers,  doctors,  den- 
tists, and  shopkeepers  are  needed.  The  peo- 
ple who  provide  these  goods  and  services 
are  called  secondary  workers. 

A community  can  generally  support  1V& 
secondary  workers  for  each  primary  worker. 
If  the  production  plant  has  100  workers, 
there  will  usually  be  about  150  secondary 
workers  in  the  area  to  give  services  to  the 
whole  community.  Because  of  this,  each  job 
at  the  plant  (primary  construction)  will 
generally  create  a market  or  a demand  for 
2VI  housing  units.  One  of  these  units  is 
needed  by  the  primary  worker  and  his 
family  and  are  needed  by  the  secondary 
workers  and  their  families.  Fig.  93-2. 


Housing  Density  and  Income  Levels 

Houses  must  be  built  to  fit  the  price  levels 
and  wants  of  the  workers.  If  housing  is  more 
expensive  than  most  of  the  workers  can  af- 
ford, it  will  not  be  sold.  If  the  houses  are 
too  small  for  what  the  workers  with  large 
families  want,  they  will  not  be  sold. 
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Primary 

worker 

demands 

/\ 

Directly  Indirectly 


Number  of  houses  demanded 


Fig.  93-Z  One  primary  worker  creates  a demand  for 
1 house  directly  and  V/2  houses  indirectly. 
Consequently,  8%  people  are  housed 
(primary  worker  and  his  family  plus  I’/j 
secondary  workers  and  their  families). 


One  way  to  find  the  quality  of  housing 
needed  is  to  study  family  incomes  to  see 
what  general  housing  density  is  needed. 
Housing  density  means  the  number  of  houses 
or  apartments  per  acre. 

We  can  usually  estimate  the  price  of  hous- 
ing in  an  area  from  its  density.  Single  family 
housing  units  on  large  lots  in  new  areas  are 
generally  expensive  because  they  are  con- 
structed at  a density  of  from  1-3  houses  on 
an  acre  of  land,  Fig.  93-3.  This  makes  the 
land  cost  per  unit  high.  Low  density  housing 
like  this  is  called  SF  (1) : a single  family 
unit  to  the  acre;  SF  (2) : two  single  family 
units  to  the  acre;  and  SF  (3) : three  single 
family  units  to  the  acre. 

Single  family  housing  units  for  middle- 
income  families  are  constructed  at  a density 
of  4 or  6 houses  to  the  acre,  SP  (4)  or  SF 
(6).  This  is  called  medium  density  housing. 

Lower  income  housing  units  are  generally 
constructed  at  6 or  more  units  per  acre,  SF 
(6),  etc.  Multiple  family  units  often  begin 
to  be  used  at  this  density.  This  is  called 
high  density  housing.  With  it,  land,  street, 
and  utility  costs  per  housing  unit  are  lower. 
Fig.  93-4. 

Generally  no  more  upper,  middle  or  lower 
income  housing  units  will  be  sold  than  there 


Fig.  93-3.  The  suburbs  provide  single  family  housing 
units. 
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arc  workers  of  those  income  levels.  Knowing 
the  income  levels  of  the  people  who  need 
housing  helps  in  planning  for  housing  density. 


Service  and  Site  Factors  in  Honsingr 
Construction 

The  sale  price  of  housing  is  made  up  of 
three  things : 

1.  The  developer’s  cost  to  build  the  units 
and  develop  their  sites, 

2.  The  cost  of  the  land  the  houses  are  on, 
and 

3.  The  developer’s  business  ca«ts  and 
profit 

The  developer’s  profit  is  cut  down  by  a high 
land  cost 

Housing  should  be  close  to  the  owner’s  job 
in  order  to  lower  travel  costs  and  shorten 
travel  time.  While  housing  should  be  close, 
it  should  not  be  right  next  to  a worker’s  job. 
'This  is  because  places  of  work  often  produce 
traffic,  noise,  and  other  things  not  desired 


Fig.  93-4.  This  high  density  housing  unit  has 

apartments  on  all  24  floors.  A great  mony 
families  can  live  in  each  unit. 


in  a residential  area.  Housing  also  should  be 
close  to  all  utilities. 

All  housing  types  need  firm  or  hard  soils 
to  support  them.  Soft  soils  cause  uneven 
settlement  of  even  the  lightest  housing  units. 
The  slope  of  housing  sites  is  not  too  import- 
ant Steep  slopes  raise  the  cost  of  the  con- 
struction. However,  the  higher  cost  of  con- 
struction can  usually  be  made  up  in  the 
higher  sale  price  of  each  low  density  housing 
unit  With  high  density  housing,  cost  can  be 
spread  across  a large  number  of  units. 


The  Effect  of  Land  Price  on 
Housing  Density 

Community  growth  causes  a rise  in  the 
price  of  sites  close  to  places  of  employment 
because  the  sites  are  convenient  Sometimes 
land  prices  are  so  high  that  single  family 
housing  will  not  make  a profit  for  the  de- 
veloper. 

Suppose  he  builds  single  family  housing 
units  on  an  expensive  site.  He  must  sell 
housing  at  the  same  prices  as  on  low-cost 
sites  and  get  less  profit.  Few  contractors  will 
do  this.  It  is  generally  impractical  for  him 
to  raise  the  price  of  single  family  housing 
units.  'The  same  kind  of  housing  can  usually 
be  found  on  the  edge  of  community  develop- 


Fig.  93-5.  Space  has  been  provided  near  this  high 
density  housing  unit  for  park  and  picnic 
facilities. 
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ment  There  the  prices  are  lower  because 
the  cost  of  the  land  is  less. 

As  a result,  the  contractor  must  build  a 
greater  number  of  housing  units  on  a site 
close  to  places  of  work  if  he  is  to  make  a 
profit.  This  lowers  the  land  cost  per  housing 
unit  by  spreading  this  cost  over  many  units, 
Figs.  93>6  and  93*6. 


Rg.  93-6.  Most  urbon  populations  live  in 
multiple-family  housing  units. 


Fig.  93-7.  This  high  density  housing  complex  is  in  the 
city.  In  the  center  of  the  picture  can  be 
seen  the  school  which  serves  the  entire 
complex. 


Summary 

To  check  what  you  know  about  population, 
housing  density,  and  income  levels,  follow 
this  example  of  an  industrial  plant  that  has 
450  primary  workers.  A community  that  has 
450  primary  workers  can  also  support  675 
secondary  workers.  (For  each  primary 
worker,  the  community  can  support  sec- 
ondary workers,  450  x — 675.)  The  total 
employment  of  the  community  will  be  about 
1,125  people  (450  675).  The  total  popu- 

lation of  the  community  would  then  be  about 
3,938  people  (1,125  housing  units  or  1,125 
families  x people  per  family  = 3,938 
people). 

In  general,  housing  must  be  built  to  fit 
the  price  levels  and  wants  of  the  people. 
For  high  income  families,  houses  are  usually 
built  1,  2,  or  3 to  an  acre;  for  low  income, 
6 or  more  to  an  acre. 

Because  of  higher  land  price  near  employ- 
ment centers  and  a great  demand  for  housing 
in  an  area,  high  density  housing  may  be 
needed.  Fig.  93-7.  Both  the  kind  and  height 
of  structures  constructed  for  high  density 
housing  are  usually  determined  by  land  price 
and  demand. 


Terms  to  Know 

population 
primary  workers 
secondary  workers 
housing  density 
income  level 


low  density  housing 
medium  density 
housing 

high  density  housing 
multiple  family  units 


Think  About  It  I 

1.  Do  you  live  in  low  density,  medium  den- 
sity, or  high  density  housing?  How  do 
you  know? 

2.  Why  is  high  density  housing  usually 
found  close  to  places  of  major  employ- 
ment? 
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Creates  needs  for 


needs  for 


SF(1)  SF(2)  SF(3) 


SF(4)  SF(5) 


SF(6)  or  more 
and  multiple  family 


.047 


I 

I 


I 


t 


o 

ERIC 


Many  people  earn  a living  by  working  in 
business  places.  Everyone  in  a community, 
including  those  who  work  in  industry,  has 
needs  that  are  filled  by  these  business  places. 


Planning 

Business 

Facilities 

Businesses  include  such  things  as  banks, 
grocery  stores,  and  cafeterias.  In  addition, 
they  may  include  offices  for  people  such  as 
doctors,  insurance  agents,  and  realtors. 
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Fig.  94-1 
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This  is  the  downtown  (central  business)  area  of  a large  midwestern  city.  It  provides  services  for  the 
surrounding  area. 
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Businesses  serve  areas  of  housing  called 
trade  areas.  A trade  area  is  generally  small 
and  close  to  the  businesses  which  serve  it. 
Therefore,  a total  small  community  may  be 
a trade  area.  Large  cities  generally  have 
several  trade  areas.  A central  business  dis- 
trict may  serve  all  of  these  areas,  Fig.  94-1. 
In  addition,  each  trade  area  may  have  a 
business  section  of  its  own. 


Central  Business  Construction 

Whenever  there  is  a need  for  services  for 
the  whole  community,  central  business  con- 
struction is  undertaken  to  fulfill  this  need. 
The  result  of  this  is  the  construction  of  such 
structures  as  office  buildings,  theaters, 
stores,  government  buildings,  and  parking 
lots. 

In  the  past,  all  central  business  construc- 
tion was  done  at  the  center  of  the  community. 
This  is  the  area  called  downtown.  This  loca- 
tion gave  quick  access  along  maj  or  roads  and 
streets  from  all  parts  of  the  community. 
These  downtown  areas  became  tightly  packed 
with  buildings  built  right  up  to  the  street. 
Fig.  94-2. 

As  the  community  population  grew,  car 
use  also  grew.  The  streets  in  the  downtown 
areas  became  congested  (filled)  with  traf- 
fic. This  caused  traffic  jams,  and  it  took  more 
time  to  make  trips  from  housing  units  to  the 
central  business  places.  Because  large  build- 
ings were  built  right  at  the  side  of  the  down- 
town streets,  it  was  not  possible  to  widen  the 
streets  to  make  room  for  the  extra  traffic.  In 
addition,  as  the  communities  grew,  new 
housing  areas  were  built  farther  and  farther 
away  from  the  downtown  areas.  This  made 
the  time  it  took  for  trips  to  the  central  area 
even  longer.  These  developments  have  caused 
shopping  centers  to  grow  outside  of  the 
downtown  area. 

In  general,  no  more  than  one  acre  of  cen- 
tral business  construction  will  be  supported 
by  each  350  housing  units  in  a community. 
Much  less  space  than  this  is  needed  if  cen- 
tral business  needs  are  met  through  the  con- 


Fig.  94-2.  Here  are  two  different  faces  of  a major 
U.S.  city,  Pittsburgh,  Pennsylvania.  Above 
is  the  "Golden  Triangle"  downtown  area 
as  it  looked  in  1947.  Below,  following  vast 
redevelopment,  is  the  same  area  in  1964. 
The  "New  Golden  Triangle"  boasts 
modern  traffic  facilities,  buildings,  and  park 
and  recreation  areas. 
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struction  of  tall  buildings.  If  there  is  a need 
and  a market  for  central  business  construc- 
tion, the  facilities  will  be  constructed  and 
maintained.  However,  they  should  be  well 
located  on  land  which  gives  economical  de- 
velopment. They  also  should  be  planned  in 
relation  to  shopping  centc  r construction. 


Site  Location 

To  give  community  service  efficiently,  cen- 
tral business  construction  needs  sites  that 
are  at  the  intersections  of  the  most  important 
streets  of  the  community.  This  permits  quick 
access  from  all  areas  of  the  community. 
These  major  streets  often  intersect  (cross) 
at  or  near  the  center  of  the  developed  areas 
of  the  community.  This  is  why  the  facilities 
which  give  shopping  and  business  services 
to  the  whole  community  are  called  central 
business  construction.  ' 


Site  Costs 

Sites  for  central  business  construction 
generally  have  the  highest  land  price  of  all 
the  sites  in  a community.  However,  profits 
from  their  development  are  also  high.  As 
with  high  density  housing,  the  higher  the 
land  price,  the  taller  the  structures  must  be 
in  order  to  spread  the  high  price  of  the  land 
over  more  facilities. 


small  parking  areas  and  hundreds  of  signs. 
Drivers  must  park  on  the  streets  or  enter 
parking  areas  from  heavily  traveled  streets. 
This  can  slow  down  traffic  and  cause  acci- 
dents. 

Local  shopping  centers  differ  from  strip 
shopping  centers.  They  are  generally  con- 
structed on  large  sites  which  are  set  back 
from  busy  streets.  They  are  made  up  of  a 
group  of  large  structures.  Each  of  these 
large  buildings  has  a number  of  separate 
stores  or  offices  in  it.  These  centers  are  gen- 
erally much  better  planned  and  designed 
than  are  the  strip  centers.  There  is  generally 
one  large  parking  lot  for  all  the  stores  and 
offices  in  the  center.  Service  roads  from  main 
streets  to  the  parking  lot  help  cut  down  on 
confusion  and  slowing  of  traffic  on  the  main 
streets. 

A local  shopping  center  gets  the  attention 
of  people  passing  it.  It  is  easy  to  see  as  a 
whole.  People  tend  to  drive  to  the  centers 
rather  than  to  any  one  store  or  office  in  it. 
There  are  not  as  many  signs  along  the  street 
as  there  are  in  a strip  center.  Sometimes 
there  is  only  one  large  sign  which  has  the 
center’s  name  on  it.  Fig.  94-4. 

All  housing  units  need  business  services. 
However,  not  all  communities  can  support 
shopping  centers.  The  smallest  center  needs 
at  least  1,000  housing  units  in  its  trade  area 
for  support.  If  there  are  less  than  this,  shop- 
ping centers  probably  won’t  be  built  and 
separate  stores  will  satisfy  business  needs. 


Shopping  Center  Construction 

Within  large  communities  it  is  sometimes 
more  efficient  to  break  up  the  total  trade 
area  into  smaller  areas  that  are  served  by 
shopping  centers.  These  are  of  two  kinds, 
strip  and  local. 

A strip  area  is  formed  when  business 
places  are  spread  out  along  a length  of  busy 
street.  Fig.  94-3.  Each  business  is  separate 
from  the  others.  Each  of  them  usually  ad- 
vertises its  location  by  putting  up  signs  be- 
side the  street.  There  are  also  many  separate 

) 

oou, 

. m' 


Fig.  94-3.  Here  is  one  section  of  a strip  shopping 
center  under  construction. 


Site  Requirements 

The  best  places  for  shopping  centers  are 
along  main  streets  or  where  important 
streets  cross.  Sometimes  these  sites  are  too 
expensive  because  of  buildings  which  are 
there.  The  cost  of  developing  a shopping  cen- 
ter there  might  be  too  high  for  a profit  to  be 
made.  Then  sites  along  important  streets 
which  are  not  at  major  intersections  are  of- 
ten chosen  for  shopping  centers. 

Even  then,  the  price  of  land  is  generally 
high.  The  price  is  even  higher  if  there  are 
buildings  on  the  land  which  must  be  torn 
down.  However,  a high  profit  can  be  made  by 
the  successful  construction  and  sale  of  shop- 
ping centers.  This  is  true  when  the  land 
around  the  center  is  priced  low  enough  that 
housing  units  are  built  on  it.  The  center 
would  not  be  built  at  all  if  the  land  price 
is  too  high  and  construction  costs  would  be 
too  great  to  sell  the  center  with  a profit. 

Firm  or  hard  soils  are  needed  to  support 
the  weight  of  buildings  in  .shopping  centers. 
The  land  also  should  be  flat  or  only  a little 
sloped.  Steep  land  raises  construction  costs. 
It  would  also  make  unsafe  and  inefficient 
parking  areas. 


Fig.  94-4.  Many  local  shopping  cen.ers  are  located 
on  or  near  heavily  traveled  streets. 
Adequate  parking  areas  must  be  provided 
for  customers. 
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Local  shopping  centers  are  generally  from 
1-10  acres  in  size.  The  parking  lots  take  up 
at  least  % of  the  site.  Fig.  94-4.  If  the  num- 
ber of  stores  built  cannot  be  supported  by 
the  trade  area,  they  will  fail.  The  kind  and 
size  of  each  store  must  be  supportable  by  the 
families  in  its  trade  area. 


Summary 

Central  business  construction  fills  a com- 
munity’s need  for  centrally  placed  businesses 
and  offices.  A community  must  reach  a cer- 
tain size  before  central  business  construc- 
tion can  begin.  At  least  350  housing  units 
are  needed  to  support  one  acre  of  central 
business  construction.  The  sites  for  this  con- 
struction must  have  all  utilities  available. 
They  must  have  either  firm  or  hard  soils  and 
must  be  flat  or  slightly  sloped.  Most  impor- 
tantly, they  must  be  at  the  intersections  of 
the  most  important  streets  in  the  community. 


Fig.  94-5.  Large  parking  areas  are  needed  in  local 
shopping  centers. 
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Shopping  centers  may  be  part  of  a com- 
munity system.  Their  location,  ^nd,  and 
number  are  determined  by  the  need  for  local 
business  services.  These  needs  are  created 
by  the  construction  and  sale  of  housing  units. 

Local  shopping  centers  generally  serve 
the  community  better  than  strip  shopping 
areas  if  the  community  is  large  enough  to 
support  them.  In  addition  to  being  more  at- 
tractive, local  shopping  centers  cut  down  on 
motorist  confusion  and  the  slowing  of  traffic, 
Fig.  94-5.  Shopping  centers  also  must  be 
near  at  least  1,000  housing  units.  The  land 
should  be  firm  or  hard  to  support  the  weight 
of  construction.  Flat  or  only  slightly  sloped 
land  is  needed.  Then  the  parking  areas  will 
be  safe  and  construction  costs  will  be  lower. 


Terms  to  Know 

trade  area  shopping  centers 

downtown  a.  strip  shopping  center 

central  business  b.  local  shopping  center 

construction 

Think  About  It! 

1.  Does  your  community  have  a central  busi- 
ness area?  Have  there  been  new  shopping 
centers  developed  in  the  past  few  years? 
Why? 

2.  How  would  a high-speed  mass  transpor- 
tation system  affect  the  central  business 
district  of  a large  city?  Would  central 
businessmen  be  likely  to  support  building 
one? 


^9 

—350  housing  units 
per  acre  of  business 
district 

—Firm  or  hard  soil 

—Flat  or  slightly 
sloped  land 

—Intersection  of 
main  city  streets 


Constructing  Business 
Facilities 


— Along  a busy  street 

—1,000  housing 
units  per  center 

— Firm  or  hard  soil 
—Flat  or  slightly  sloped 
* — Utilities 


— Near  a busy  intersection 

—1,000  housing 
units  per  center 

—Firm  or  hard  soil 
—Flat  or  slightly  sloped 
— Utilities 


•—Utilities 


Planning  Schools 
and  Recreational 
Facilities 


All  communities  need  schools  in  which  to 
educate  their  youth.  In  addition,  all  commu- 
nities need  outdoor  space  for  play  and  rec- 
reation. 

This  reading  presents  some  of  the  basic 
knowledge  which  city  planners  use  in  mak- 
ing their  plans  for  schools  and  recreational 
areas.  Unless  they  are  planned  for,  every 
person  in  the  community  may  have  a much 
less  satisfying  life. 


Kinds  of  Schools 

Two  kinds  of  schools  are  .often  constructed 
in  a community.  These  are:  (1)  elementary 
schools,  and  (2)  secondary  (high)  schools. 

In  some  areas,  elementary  schools  hold 
grades  one  through  eight.  The  secondary 
schools  hold  grades  nine  through  twelve.  In 
other  areas,  the  secondary  schools  are  di- 
vided into  junior  high  schools  which  hold 
grades  seven  through  nine  and  senior  high 
schools  which  hold  grades  ten  through 
twelve. 


In  still  other  areas,  grades  one  through  six 
are  in  the  elementary  schools.  Grades  seven 
through  twelve  are  in  a junior-senior  high 
school.  This  last  kind  of  school  system  is  the 
one  used  as  an  example  in  this  reading. 


Supporting  Schools 

All  housing  units  need  school  service.  Be- 
fore a school  can  be  built,  however,  it  must 
be  shown  that  a school  can  be  supported 
(paid  for)  and  be  kept  up.  A community 
which  has  550  or  more  housing  units  can 
generally  support  the  construction  of  an  ele- 
mentary school.  Fig.  95-1.  If  there  are  less 
than  550  housing  units,  there  are  usually  too 
few  children  of  elementary  school  age  to 
support  a school.  When  this  occurs,  commu- 
nities often  go  together  and  jointly  construct 
a school. 

More  support  is  needed  for  junior-senior 
high  school  construction.  Junior-senior  high 


Fig.  95-1.  The  neighborhood  elementary  school  is  Fig.  95-2.  This  high  school,  with  3 acres  under  roof, 

supported  by  at  least  550  housing  units.  is  supported  by  at  least  3,000  housing  units. 
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schools  will  generally  be  built  in  a commu- 
nity if  it  has  more  than  3,000  housing  units, 
Fig.  95-2. 

Schools  also  have  a maximum,  (highest 
number)  of  housing  units  they  can  service. 
When  a school  has  too  many  students,  it  is 
so  big  that  it  cannot  operate  efficiently.  An 
elementary  school  generally  cannot  efficiently 
service  more  than  2,300  housing  units. 
Junior-senior  high  schools  cannot  efficiently 
service  more  than  11,000  housing  units. 
When  there  are  more  housing  units  than  a 
school  can  service  well,  another  school  must 
be  built. 


Location  of  Schools 

Schools  must  be  placed  to  give  good  serv- 
ice to  housing  units.  Elementary  schools  are 
generally  put  where  young  children  can 
walk  to  school  from  their  homes.  Each  child 
in  elementary  school  should  not  have  to  walk 
more  than  one-half  mile  from  his  home  to 
school.  The  walk  from  home  to  school  also 
must  be  safe.  Children  should  not  have  to 


Fig.  95-3.  Busy  intersections  should  be  avoided  in 

locating  schools.  Youth  should  not  have  to 
cross  heavily  traveled  streets  to  get  to 
school. 


cross  heavily  traveled  streets  on  their  way 
to  and  from  school.  Fig.  95-3. 

Youth  attending  junior-senior  high  schools 
are  able  to  walk  further  than  elementary 
age  children.  However,  it  is  believed  that  the 
older  pupils  should  not  have  to  walk  more 
than  IV2  miles  on  their  way  to  school.  Jun- 
ior-senior high  schools  also  must  be  on  or 
near  a major  street.  Many  activities  at  the 
school  such  as  football  games,  plays,  and 
community  meetings  means  there  will  be 
much  traffic  to  and  from  the  school. 


Service  Needs 

Schools  have  their  own  service  needs.  Both 
elementary  and  junior-senior  high  schools 
must  have  sites  where  there  is  utility  serv- 
ice. They  also  need  parking  lots  (Fig.  95-4) 
and  streets  leading  to  the  school  for  auto- 
mobile traffic  and  maintenance  and  repair 
vehicles. 

All  schools  need  sites  with  firm  or  hard 
soils  to  support  the  school  construction. 
Schools  need  flat  playing  fields.  Therefore, 
steep  land  would  take  a great  deal  of  ex- 


Fig.  95-4.  Access  and  parking  facilities  for  schools 


must  also  be  provided. 
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pensive  earth  moving.  Land  for  schools 
should  be  undeveloped  and  low  in  price.  If 
buildings  must  be  torn  down  to  clear  land 
for  a school,  the  cost  of  the  school  goes  up. 
Schools  need  large  amounts  of  land.  An  ele- 
mentary school  generally  takes  a site  of  from 
5-10  acres  or  more.  A junior-senior  high 
school  needs  at  least  twenty  acres. 


Kinds  of  Community  Recreational 
Facilities 

Community  recreational  facilities  will  not 
be  built  and  maintained  if  they  do  not  fill 
special  needs.  There  are  many  kinds  of  rec- 
reational facilities.  Examples  are  play- 
grounds, playfields,  neighborhood  parks,  and 
community  parks.  Each  meets  a different 
need,  as  described  in  the  next  section. 


Locating:  Recreational  Facilities 

Playgrounds  are  built  for  elementary 
school  age  children.  They  generally  have 
playground  equipment  such  as  swings,  slides, 
sand  boxes,  and  small  open  spaces  for  games. 


Fig.  95-5.  Playgrounds  meet  the  special  recreational 
needs  of  elementary  school  children. 


Fig.  95-5.  Playgrounds  generally  need  from 
1-10  acres  of  land.  This  depends  on  the  num- 
ber of  children  they  serve. 

Playfields  are  constructed  for  adults  and 
junior  and  senior  high  school  age  youth. 
They  generally  have  all  the  equipment  of  a 
playground.  They  also  may  supply  facilities 
for  basketball,  softball,  football,  tennis,  and 
baseball.  Fig.  95-6.  Playfields  also  have 
parking  areas  and  seats  for  people  who 
watch  sports.  They  also  often  have  indoor 
areas  for  dancing,  table  tennis,  and  arts  and 
crafts.  Playfields  usually  cover  from  10-20 
acres  depending  on  the  number  of  people 
they  serve. 

Neighborhood  parks  are  built  near  hous- 
ing areas.  They  generally  have  shady  places 
and  large  lawns.  When  housing  density  is 
less  than  five  housing  units  an  acre,  each 
yard  generally  has  this  kind  of  area.  In 
areas  with  a greater  housing  density,  this  is 
not  the  case.  Then  neighborhood  parks  must 
be  constructed.  The  size  of  the  neighborhood 
parks  depends  on  how  much  land  is  avail- 
able and  the  number  of  people  needing  the 
facility. 


Fig.  95-6.  This  durable  basketball  facility  will  ytneet 
the  community’s  needs  for  many  years. 
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Community  parks  have  a different  pur- 
pose. They  are  for  outings,  picnicing,  hik- 
ing, and  water  sports  for  all  members  of  the 
community.  Fig.  95-7.  Areas  that  have  heavy 
woods,  streams  with  rapids  and  waterfalls, 
and  attractive  river  fronts  or  lake  shores 
are  often  used  as  sites  for  community  parks. 
Fig.  95-8.  The  community  park  preserves 
this  natural  setting  for  use  by  members  of 
the  community  and  for  the  enjoyment  of  fu- 
ture generations.  Because  community  parks 
serve  the  whole  community  they  are  usually 
20  acres  or  more  in  area. 


Fig.  95-7.  Riverside  improvements  can  offer  many 
refreshing  and  relaxing  hours. 


Fig.  95-8.  There  are  35,760  acres  of  parks  in 

New  York  City.  Boaters  enjoy  rowing  on 
the  lake  in  Central  Park. 


All  the  land  used  for  recreation  must  be 
equal  to  the  demands  of  the  community . Gen- 
erally, at  least  10  acres  of  space  are  needed 
for  every  300  housing  units.  We  can  use  the 
following  formula  for  figuring  the  amount 
of  land  needed  for  recreation: 

Number  ot  housing  units  _ 

300 

total  acres  of  land  needed.  For  exrmple,  a 
community  of  3,000  housing  units  would 
need  at  least  100  acres  of  land  for  recreation. 

All  types  of  land  may  be  used  for  recrea- 
tional areas,  although  playfields  require 
large,  flat  areas.  Parks  may  be  developed  in 
areas  where  little  other  construction  is  likely 
to  be  done.  Fig.  95-9. 


Summary 

Communities  often  construct  elementary 
and  secondary  schools.  A community  must 
have  enough  housing  units  to  support  their 
schools. 

Choosing  the  location  of  schools  is  very 
important.  They  must  be  built  on  sites  that 


Fig.  95-9.  .Many  secluded  areas  can  be  opened  for 
public  enjoyment  with  only  a few  facilities. 
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efficiently  serve  the  community.  They  should 
be  built  on  flat  or  sloped  ground. 

Communities  also  need  recreational  areas 
such  as  pla5'grounds,  playfields,  neighbor- 
hood parks,  and  community  parks.  Usually, 
there  should  be  at  least  10  acres  of  recrea- 
tion space  in  a community  for  every  300 
housin;?  units. 

The  sites  of  recreational  facilities  must 
be  located  in  an  area  where  they  efficiently 
provide  their  services  to  the  people  living  in 
the  housing  units.  Except  for  playfields,  they 
may  be  on  any  soil, 3 or  land  slope.  Playfields 
require  flat  and  firm  or  hard  sites. 


Constructing  Recreation  Facilities 


- Active 
playgrounds 
playfields 

. Passive 

neighborhood  parks 
community  parks 


— 10  acres  of 
space  per  300 
housing  units 

— Service  facilities 
-Transportation  routes 
. Firm  or  hard  soils 
■ Flat  or  sloped  soils 
• Undeveloped  land 


Terms  to  Know 

elementary  schools 
secondary  schools 

a.  junior  high  school 

b.  senior  high  school 


Think  About  It! 


recreational 
facilities 
housing  units 
neighborhood  park 
community  park 


About  how  many  housing  units  does  your 
school  serve? 

Does  your  community  have  adequate  rec- 
reation facilities?  How  could  you  figure 
this  out  if  you  are  not  sure? 

Requirements  For  Constructing  Schools 


Undeveloped  land 
firm  or  hard  soil 
flat  or  sloped  site 


.Close  to  homes 

. Away  from  traffic 

— Small  play  areas 

.Access  for  pickup  and 
delivery  of  children 

•Up to  2,300  housing 
units  per  school 


. Placed  to  serve 
community  needs 

. Parking  space 

. Large  sports  areas 

3,000  to  1 1,000  housing 
units  per  school 
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Every  community  is  born  with  the  build- 
ing of  primary  construction  that  makes  em- 
ployment available.  The  community  grows 
when  more  construction  is  needed  for  the 
workers  and  their  families.  This  cycle  con- 
tinues in  a prosperous  community. 


Deterioration  of  Construction 

In  a healthy  community,  all  .structures  are 
used  and  all  are  in  good  physical  condition. 
They  are  maintained  well  so  they  serve  their 
purposes  and  hold  their  value. 

However,  most  communities  have  at  least 
a few  structures  that  are  poorly  maintained. 
This  causes  them  to  be  in  poor  condition. 
Such  structures  are  said  to  be  deteriorated, 
Fig.  96-1.  At  first,  they  may  need  only  a 
coat  of  paint.  If  time  passes  and  no  repairs 
are  made,  wooden  parts  of  a structure  rot, 
metal  parts  rust,  brickwork  cracks,  roofs 
sag,  and  the  structure  itself  becomes  un- 
stable. It  finally  collapses  into  a pile  of  rub- 
ble. All  structures  deteriorate  like  this  if 
they  are  not  cared  for  properly. 

Many  communities  have  large  deteriorated 
areas.  In  time,  some  of  these  communities 
cannot  economically  maintain  a single  struc- 
ture. Then  they  die.  This  generally  happens 
when  primary  construction  is  abandoned  or 
given  up.  Then  there  is  no  work  to  provide 
the  needed  market  support  for  construction 
in  the  community.  The  first  results  of  the 
economic  death  of  a community  is  a “ghost 
town,”  Fig.  96-2.  No  one  lives  there,  and  the 
structures  deteriorate  until  they  become  piles 
of  rubble.  This  has  happened,  over  centuries 
of  time,  even  to  many  great  cities.  Con- 
structed objects  will  be  maintained  only  if 
the  cost  of  the  repairs  will  be  made  up  in 
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some  way.  The  main  ways  these  costs  may 
be  made  up  are : (1)  by  increased  profit  from 
rental  or  sale  because  of  the  repairs  or  (2) 
by  making  repairs  that  are  needed  to  stop 
economic  loss. 

Parts  of  a community  may  deteriorate  for 
many  reasons. 

1.  A major  employer  of  people  in  a commu- 
nity could  move  to  another  city  or  state. 
The  unemployed  people  have  less  reason 
to  remain  in  the  community.  This  reduces 


Fig,  96-1.  The  deteriorating  housing  shows  a great 
need  for  general  maintenance. 
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Fig.  96-2.  This  community  in  Nevada  was  a thriving 
business  center  in  the  middle  1800's.  It  is 
now  a "ghost  town,"  a decaying  reminder 
of  what  used  to  be. 
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the  market  for  quality  construction.  In 
turn,  property  owners  have  less  reason  to 
invest  money  in  improvements, 

2.  The  structure  (building,  road,  bridge, 
etc.)  may  lose  location  value.  This  usu- 
ally occurs  when  a community  changes 
and  the  “old”  location  is  no  longer  desir- 
able. 

3.  Construction  also  may  deteriorate  because 
of  what  is  around  it  {environmental  val- 
ue). For  example,  the  value  of  housing 
units  will  generally  go  down  if  they  are 
close  to  a railroad,  heavy  industry,  sewer 
plant,  or  a very  heavily  traveled  road. 
This  is  because  the  noise,  smells,  smoke, 
and  danger  to  children  made  by  these 
facilities  makes  the  houses  less  wanted. 
Fig.  96-3. 

When  resale  market  and  sales  price  fall  rap- 
idly, few  repairs  are  made  and  structures 
deteriorate. 


Other  Economic  Losses 

Deterioration  losses  are  not  the  only  ones 
a community  may  have.  Great  value  is  also 
lost  through  construction  inefficiency.  This 
occurs  mainly  when  good  facilities  must  be 
replaced  before  they  are  worn  out.  For  ex- 
ample, a costly  4”  water  pipe  might  be  laid 


Fig.  96-3.  This  house  has  a railway  running  nearby. 
Would  this  place  the  owner  in  an 
undesirable  economic  situation? 


to  serve  the  existing  needs  of  an  area  of  a 
community.  If  the  area  grows,  this  pipe  can- 
not provide  all  the  water  service  that  is 
needed.  Then  the  expensive  4"  pipe,  even 
though  it  could  give  .service  for  many  years, 
must  be  replaced  by  a larger  pipe.  If  the 
growth  of  the  area  had  been  foreseen,  the 
larger  pipe  could  have  been  laid  initially,  at 


Fig.  96-4.  This  pile  of  rubble  is  the  result  when  a 
house  similar  to  others  in  the  picture  is 
demolished.  The  site  will  be  cleared  so  that 
a . better  use  may  be  made  of  the  property. 


Fig.  96-5.  According  to  redevelopment  plans,  urban 
renewal  projects  help  to  clear  deteriorated 


areas. 
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a large  savings.  Another  example  is  in  street 
interchange  construction.  Often,  expensive 
developed  property  must  be  bought  by  the 
community  for  this  construction.  The  same 
ground  could  have  been  bought  before  it  was 
developed  at  much  less  cost  to  the  commu- 
nity, Fig.  96-4. 


Need  for  Planning 

Costs  resulting  from  both  deterioration 
and  inefflciency  must  be  paid  for  by  the  com- 
munity citizens.  They  pay  it  in  taxes.  Each 
land  owner  in  a community  pays  a share  of 
these  costs  that  have  no  economic  return  or 
social  service.  Community  deterioration  and 
inefficiency  are  economic  illnesses.  They  take 
away  the  economic  strength  of  the  commu- 
nity. Effective  long-range  planning  can  re- 
duce economic  losses  and  support  efficient 
community  development. 


Summary 

The  deterioration  of  construction  in  a 
community  usually  results  from:  (1)  a re- 
duced market,  (2)  loss  of  locational  value, 
or  (3)  loss  of  environmental  value.  Deteri- 
oration of  construction  results  in  great  eco- 
nomic loss  to  the  whole  community.  Losses 
also  may  result  from  construction  ineffi- 
ciency or  a lack  of  community  planning. 

Communities  should  be  economically 
strong  and  satisfying  places  in  which  to 
work  and  live.  Planning  community  construc- 
tion will  help  them  to  be  such  places. 


Terms  to  Know 


an  area,  can  you  give  the  street  bound- 
aries? 

2.  Do  you  know  of  any  plans  to  improve  your 
community  by  rebuilding  parts  of  it?  If 
so,  what  are  they? 


maintained  environmental  value 

deterioration  inefficiency 

location  value 


Think  About  It ! 

1.  What  area  or  areas  in  your  city  or  com- 
munity are  deteriorating?  If  there  is  such 
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Managing 

Community 

Development 

Most  people  want  to  live  in  a community 
where  life  is  satisfying,  efficient,  and  eco- 
nomical. To  reach  these  goals,  nearly  every 
community  in  the  United  States  of  any  great 
size  manages  its  community  development. 
This,  as  in  all  management  activities,  takes 
planning,  organizing,  and  controlling. 

The  planning,  organizing,  and  controlling 
of  community  development  is  done  by  men 
who  are  educated  to  do  this.  These  men  are 
called  city  planners.  They  spend  their  lives 
trying  to  improve  communities.  Fig.  97-1. 

The  General  Plan 

The  city  planner  predicts  the  probable 
number  of  jobs  in  the  community  and  the  re- 
sulting community  growth.  He  then  develops 


Fig.  97-1.  The  city  planner  studies  plans  of  the  whole 
community. 
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statements  which  outline  possible  commun- 
ity objectives  (goals)  in  managing  this 
growth.  These  statements  of  objectives  are 
accepted  by  the  community  and  are  used  as 
a guide  to  direct  community  development. 
These  statements  are  called  the  general  plan. 

The  general  plan  may  include  such  state- 
ments as:  (1)  to  provide  high-speed  inner 
and  outer  traffic  belts,  (2)  to  rehabilitate 
the  inner  city  area,  (3)  to  provide  elemen- 
tary schools  within  a half  mile  of  most 
homes,  and  (4)  to  provide  a park  for  every 
township. 

The  Development  Plan 

Many  details  must  be  added  to  the  general 
plan  before  the  objectives  can  be  reached. 
These  details  become  a development  plan. 
Standards  must  be  set  up  for  such  things 
as  street  widths,  school  site  sizes,  the  size 
and  location  of  neighborhood  parks,  housing 
site  sizes,  and  all  other  construction  in  the 
community. 

The  development  plan  also  must  show 
those  facilities  that  will  be  constructed  dur- 
ing the  next  few  years.  The  total  cofjt  of 
community-owned  facilities  to  be  constructed 
during  this  period  must  be  estimated.  Then 
their  construction  must  be  scheduled  to  make 
sure  that  every  structure  will  be  constructed 
where  it  is  wanted  and  when  it  is  needed. 

The  schedule  for  constructing  these  facil- 
ities is  called  a capital  improvements  pro- 
gram. The  way  they  will  be  paid  for  is  called 
a capital  budget.  After  a general  plan  and 
a development  plan  have  been  made,  the 
management  of  community  development 
must  be  organized  to  make  sure  that  the 
plans  are  followed. 

u n 
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The  Planning  Board 

Organization  for  community  development 
takes  more  than  just  the  services  of  the  city 
planner.  At  the  earliest  stages  of  the  com- 
munity planning  process,  a 'planning  board 
or  commission  is  made  up.  This  board  is 
made  up  of  a group  of  citizens  chosen  to  rep- 
resent the  people  of  the  community.  The 
members  of  the  planning  board  tell  the  city 
planner  what  they  want  and  help  him  to 
make  a plan  that  the  citizens  of  the  commu- 
nity will  support,  Fig.  97-2. 


Community  Development  Laws 

After  a general  plan  is  approved  by  the 
planning  board,  the  planner  and  the  board 
propose  regulations  or  laws  that  are  needed 
to  control  the  community  development.  This 
is  done  so  that  the  first  stage  of  the  devel- 
opment plan  proposals  are  realized.  The 
elected  public  officials  review  the  suggestions 
of  the  planning  board  and  pass  laws  which 
regulate  community  construction. 

These  laws  set  up  standards  for  such 
things  as  construction  methods,  the  location 
of  buildings,  their  greatest  height  and  size, 
and  the  use  of  the  property  around  build- 
ings for  parking  and  landscaping.  They  also 
give  standards  for  such  things  as  property 
shape,  street  width,  facilities  which  must  be 
provided  by  developers,  street  slopes,  gen- 
eral street  patterns,  and  many  other  stand- 
ards for  land  development. 


Control  of  Community  Development 

Planning  and  organization  does  not  mean 
much  without  control  Laws  serve  no  pur- 
pose unless  they  are  followed.  For  this  rea- 
son, the  community's  building  inspector  and 
planning  hoard  are  given  the  power  to  en- 
force laws. 

The  building  inspector’s  job  is  to  see  that 
every  building  in  the  community  is  safe  for 
human  use.  He  generally  must  check  the 


plans  for  every  building  to  be  built  in  the 
community.  This  is  done  to  make  sure  that 
it  meets  all  the  legal  requirements.  If  it 
does,  a building  permit  is  issued.  The  per- 
mit states  that  the  structure  is  approved 
for  construction. 

The  community’s  planning  board  is  usu- 
ally given  the  power  to  review  land  devel- 
opment laws.  When  a proposed  plan  does 
not  meet  the  requirements,  it  will  not  be  ap- 
proved, and  the  site  will  not  be  developed. 

By  enforcing  laws,  community  develop- 
ment is  controlled  to  fulfill  the  goals  of  the 
general  plan.  These  goals  are  never  com- 
pletely fulfilled,  however.  The  community 
always  grows  or  changes.  Then  the  general 
plan  must  be  changed  to  fit  the  new  condi- 
tions. Also,  the  development  plan  must  be 
pushed  further  and  further  into  the  future 
as  first  goals  are  reached.  The  management 
of  community  development  is  a process 
which  never  ends.  Fig.  97-3. 


The  Community  and  Its  Region 

A region  is  a certain  section  or  area  of 
the  country.  Every  community  is  a part  of 


Fig.  97-2.  The  managed  development  of  expanding 
suburbs  increases  the  desirability  of  the 
whole  community  as  a place  to  live  and 
work. 
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a region.  Many  characteristics  of  a commu- 
nity are  like  those  of  the  areas  around  it. 

Many  community  problems  can  only  be 
solved  regionally.  The  construction  of  high 
ways  for  the  movement  of  cars  and  trucks 
from  one  community  to  another  within  a re- 
gion and  between  regions  cannot  be  under- 
taken by  each  community  alone.  Such  high- 


Fig. 97-3.  Central  business  areas  are  changing  with 
the  demands  of  the  community. 


Fig.  97-4.  Shown  here  is  a completed  interchange 
area  for  two  interstate  highways  in  Ohio. 
These  highways  link  communities  together. 


ways  must  be  planned  as  a complete  regional 
system  that  efficiently  and  economically 
serves  all  of  the  communities  of  a region, 
Fig.  97-4.  The  generation  of  electricity  is 
another  example  of  a regional  problem,  Figs. 
97-6  and  97-6. 

Regional  development  also  must  be  man- 
aged. The  full  potential  for  the  economic 
growth  and  prosperity  of  the  region  depends 


Fig.  97-5.  The  switch  yard  and  power  linos  of  the 
, Oahe  Dam  in  South  Dakota  is  shown.  This 
power  facility  and  dam  is  on  the  Missouri 
River. 


Fig.  97-6.  The  transmission  towers  and  lines  to  the 
left  are  part  of  the  vast  power 
distribution  system  of  the  state  power 
authority  near  Niagara  Falls,  New  York. 
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The  World  of  Construction 


Fig.  97-7.  This  area  model  shows  development  of  a 

hydroelectric  power  complex,  highway,  and 
park  system  near  Niagara  Falls,  New  York. 


on  this.  It  is  the  best  way  to  efficiently  solve 
problems  of  the  whole  region,  Fig.  97-7. 
Lack  of  regional  planning,  just  as  a lack  of 
community  planning,  results  in  great  losses. 
Many  states  have  state  planning  divisions. 
These  divisions  employ  regional  planners  to 
plan,  organize,  and  control  their  regional 
development.  Good  regional  planning  results 
in  continued  construction  and  maintenance 
of  construction  in  each  of  the  region’s  com- 
munities, Fig.  97-8.  It  also  helps  solve  prob- 
lems about  regional  transportation,  flood 
protection,  recreation,  and  utility  services. 


Summary 

Successful  management  of  community  de- 
velopment programs  depends  on  ree 
things : 

1.  People  wanting  a better  coinmunity  and 
willing  to  support  the  city  planner, 
planning  board,  and  the  elected  officials 
ill  their  efforts  to  bring  it  about, 

2.  A group  of  elected  officials  willing  to 
" adopt  and  demand  strict  enforcement 

of  community  development  control  laws. 


Fig.  97-8.  A number  of  communities  are  located  on  a 
river.  Characteristics  such  as  weather  and 
economic  conditions  may  be  the  same  for 
each  community. 


and 


3.  A professionally  trained  and  experi- 
enced city  planner  who  is  able  to  fore- 
cast,  plan,  and  write  control  laws  that 
can  effectively  guide  the  development  of 
the  community. 


Each  constructed  project  in  a community 
is  related  to  all  other  construction  in  th^ 
community.  In  turn,  each  community  is  part 
of  a larger  region. 


le  individual  housing  unit  located  on  a 
ce  street  in  a small  town  is  a part  of  a 
tructed  system  that  relates  it  to  all  other 
truction  within  an  area  of  hundreds, 
perhaps  thousands,  of  square  miles, 
ia  fhe  world  of  construction. 
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I Terms  to  Know 


city  planners 
objectives 
general  plan 
development  plan 
capital  improvement 
program 
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commission 
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region 
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Think  About  It! 

1.  Does  your  city  contribute  to  air  or  water 
pollution?  If  so,  what  can  be  done  about 
it? 

2.  Ask  your  parents  if  they  know  of  ways  to 
make  your  home,  your  community,  and 
your  region  of  the  country  a better  place 
in  which  to  live.  How  might  well-planned 
construction  assist  in  reaching  such  a 
goal  ? 


Managing  Community  And  Regional  Development 
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Identify  problems 


Propose  solutions 
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Absorption,  355 
Abstract  of  title,  42 
Abutments,  415,  417,  421,  426 
Accelerators,  229,  239 
Acceptance,  of  construction 
project,  400-404 
Accessories,  876 

installing,  387-392,  510 
Access  road,  394 
Acoustical  tile,  333,  364 
installing,  490 
Activities,  in  home,  453 
Adhesives,  in  future,  437 
Administrators,  of  contractor,  121 
Admixtures,  226,  229 
Advertising  for  bids,  102 
Aerial  survey,  45 

photographs  as,  50 
Aeronautical  engineer,  141 
AFL-CIO,  history,  126 
Aggregates — 
cemented,  249 
coarse,  227 
fine,  227 

Agreement,  as  contract,  105 
Agronomist,  393 
Air  conditioning,  282,  285-290 
finishing  installation,  513 
installing  fixtures,  389 
plan,  466 
Air  hammers,  168 

for  compacting,  196 
Air  lanes,  317 
Airways,  525 
Alkyd  paints,  383 
Alterations,  408 
Altimeter,  in  surveying,  49 
Aluminum  siding,  345 
American  Arbitration  Associa- 
tion, 326 
Amperage,  305 
Anchor  bolts,  235,  257,  268 
Appearance,  of  design,  61 
Application  forms,  134-136 
Apprentices,  130, 142 
Apron,  window,  S79,  508 
Aptitude  tests,  137 
Aqueducts,  7 

Arbitration,  129,  192,  325-329 
Arch  bridge,  418 
Architect,  63, 141 

agreement  with  owner,  474 
education  of,  141 
landscape,  515 

and  project  transfer,  400-404 
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Architect-engineer,  responsibili- 
ties, 120 

Architect-engineer-contractor,  97 
Architectural  drawings,  83 
Arterial  street,  524 
Armored  cable,  307 
Asbestos  flooring,  371 
Asphalt,  251 

to  waterproof  concrete,  239 
Asphaltic  base  paint,  383 
Assembly,  steel  frame,  257 
Assets,  445 
Astrodome,  437 
Atomic  energy,  280 
Attic,  ventilating,  498 
Axeman,  47 

Backfill,  298,  483 

Backhoe,  186,  297,  481 

Banks  andlmortgages,  461,  476 

Bar  Chart  Schedule,  114 

Bascule  bridge,  420 

Baseboard,  379,  508 

Base  lines,  40 

Basement  plan,  465 

Base  plate,  257 

Bathroom — 

finishing,  513 
planning,  454 
Bathtubs,  installing,  512 
Batt  insulation,  364,  356,  606 
Batter  boards,  177,  481 
Battering  ram,  169 
Beams,  211,  430 
bridge,  418 
concrete,  262 
floor,  488 

making  concrete,  263 
placing  steel,  267 
Bearing  surface,  207,  210 
Bearing  wall  superstructure, 
202,  245,  246 

Bearing  walls,  brick,  252 
Bedrock,  53,  430 
Bench  marks,  46,  47,  176 
Bid,  19 

invitation  to,  108,  426 
opening,  103 
proposal,  111 
Bid  bond,  104 
Bidding,  107-113 

documents  for,  103 
' in  specifications,  87 
Binder  money,  460 


Bitumen,  338 

Bituminous  concrete,  246,  261 
Blasting,  168,  186,  249 
Boards,  213 

Boathouse,  planning  example 
71,  76 

Boilermakers,  126,  291 
Bolts,  431 

installing  in  concrete,  236 
Bond,  of  concrete,  262 
Bonded  roof,  340 
Bonds — 
bid,  104 
payment,  106 
performance,  106 
Boom,  of  derrick,  265 
Borings,  test,  424 
Boulders,  53 

Boundaries,  of  lands,  39 
Box  cable,  307 
Box  sill,  270 
Braces,  216 
Bracing,  196 

for  concrete  forms,  263 
of  wall  section,  271 
Breakwaters,  249 
Brick,  261,  343 
Bricklaying,  262,  345 
Brick  walls,  262,  486 
Bridges,  7 

constructing,  417-422 
drawings  of,  85 
laying  out,  178 
locating,  423 
movable,  420 
superstructure,  201 
Bridging,  between  joists,  269,  270, 
489 

Broom  finish,  369 
Brown  coat,  334,  347,  606 
Brushes,  paint,  383,  511 
Bucket— 

earthmoving,  183 
for  moving  concrete,  231 
Budget,  for  home  building,  466 
Buggies,  concrete,  232,  264 
Builder,  selecting,  97-101 
Building  code,  321,  441,  469,  479, 
548 

Building  and  construction  trades, 
126 

Building  permit,  160 
Buildings — 

laying  out,  481 
surveying  for,  177 


Built-up  roof,  331,  338 
Bulldozers,  168,  479 
grading  with,  516 
Burlap,  395 

Business,  planning  area  for, 
534-538 

Butt  hinges,  378,  507 
Bypass  detour,  424 

Cabinetwork,  378,  379 
installing,  512 
Cables— 

for  bridges,  419 
on  derrick,  256 
tel^hone,  312 
Caisson,  173 

Camp,  as  problem,  65,  69 
Cantilever  bridge,  419 
Cape  Cod  house,  440 
Capital  improvements  program 
547 

Capitals,  location  of,  30 
Carpenters,  126,  378,  405 
and  form  work,  212 
measuring  tools  of,  214 
Carport,  491 
Career  patterns,  149 
Carpeting,  372,  509 
Casings,  378,  507 
Caulking,  347,  357,  383 
walls,  498 

Caves,  as  housing,  439 
Cavity  wall,  485 
Ceilings,  332,  364,  367,  489 
building,  487-490 
residence,  505 
suspended,  365 
Ceiling  tile,  365 
Cement,  228 

Cement  finisher,  210,  234 
Centerline,  roadway,  175 
Centers,  in  wood  framing,  269, 
Chain  (frag,  170 
Chainmen,  48 

Chairs,  in  concrete,  224,  264 
Chalk,  883 
Chalk  line,  214 
Change,  process  of,  434 
Character  reference,  138 
Char  services,  406 
Chases,  288 
Churches,  8 

Chute,  for  dumping,  233 
CIO,  126 

Circuit  breaker,  281,  307 
Circuits,  electrical,  307 
Cities,  rebuilding,  434 
City,  services  of,  523-528 
City  planning,  519-522,  547 
Civil  drawings,  83 
Civil  engineers,  141 
Claim,  contractor's,  401 
Clamshell,  184 
Clay,  63 

vetrified,  300 
Clay  pipe,  294 
Clay  tile  walls,  344 
Cleaning,  excavation,  194 


Cleanup,  376,  379,  396,  518 
Clerk,  job,  122 
Client,  96 
Climate — 

and  design,  445 
and  site  selection,  34 
Clinker,  228 
Closed  circuit  TV,  317 
Closing,  real  estate,  42 
Coatings — 

for  concrete,  240 
protective,  376 
Cobblestone,  53,  345 
Coffee  break,  14 
Cofferdam,  172,  173,  196, 415 
Collar  beam,  272 
Collective  bargaining,  125-132, 
325,  349 
agreement,  146 
, Collector  street,  524 
Colonial  house,  440 
Color,  of  paint,  384 
Column  clamps,  262 
Columns,  211,  430 
concrete,  262 
setting,  257 
Combination  set,  214 
Common  brick,  344 
Communications,  282,  310-319 
installing  accessories,  390 
Community — 

building  in,  520 
economics,  544-546 
planned  development,  547-551 
planning,  519-522 
services  of,  523-528 
and  site  selection,  33 
Compacting,  195,  196,  487 
Compaction,  soil,  54,  55,  298,  426 
Compaction,  soil,  54,  55,  298,  426 
Compression  joint,  299 
270  Computers,  future  uses,  436 
Concrete,  212,  349 
bituminous,  246 
blocks,  252,  344 
in  briclges,  418 
cast-in-place,  261 
finishing,  385 
floors,  368,  369,  465 
for  footings,  209 
forms,  216 
mixing,  226,  229,  230 
patching,  239 
pipe,  298 

placing  and  finishing, 
231-236,  264 
precast,  261 

precast  and  prestressed,  265 
setting  of,  237 
in  skyscrapers,  430 
for  slab,  488 
strength  of,  261 
subfloors,  487 
use  in  future,  436 
wall  panels,  346 
workers,  11* 

Concrete  frames,  erecting,  247, 
261-267 


Condemnation,  35 
Condensation,  353 
Conditions,  in  specifications,  468 
Conduction,  heat,  353 
Conductors,  electrical,  305 
Conduit,  280 

electrical,  308 
Conservation — 
soil,  412 
wildlife,  412 

Construction,  3,  4, 398,  399 
basic  steps,  152-163, 167 
beginning  a project,  23-29 
consultant,  26,  97 
contractor  prepares  for, 
160-167 
of  dam,  415 
defined,  167 
deterioration  of,  644 
employees  as  group,  121 
finishing,  375 
in  future,  433-438 
primary,  519 
survey  of,  45 
as  system,  154-169 
workers  in,  13 

Construction  Specifications  Insti- 
tute outline,  91 

Construction  technology,  7-11 
Contemporary  house,  446 
Contour  map,  50 
Contract — 

for  building,  97 
legal,  461 

road  construction,  426 
in  specifications,  87,  89 
types  of,  98 
Contract  drawings,  86 
Contractor  and  contracting, 
102-106,474-477 
agreement  with  owner,  474 
cleans  site,  517 
inspects  work,  321 
organizes  people  and  work, 
120 

prepares  bid,  107-113 
selecting,  97-101 
transfers  project  to  owner, 
400-404 

work  of,  10,  20,119, 124 
Control,  temperature,  288 
Controlling,  154, 320 
as  managing,  17,  20 
Control  points,  176 

building  location,  177 
Convection,  354,  601 
Conveyors,  concrete,  232 
Cooling,  285,  290 
Coped  joint,  608 
Copper  pipe,  293 
Cored  concrete  block,  344 
Cores,  soil,  66 
Cork  flooring,  372 
Cornice,  498 
Cost^^ 

of  design,  61 
of  house,  456 
of  walls,  484 


Cost-plus  contract,  98,  424 
Countertops,  612 
Couplings,  294 

Craftsman,  education  of  skilled, 
142 

Crane,  431 

to  lay  pipe,  298 
mobile,  268 
to  place  steel,  255 
to  pour  concrete,  264 
Crawler  tractor,  169,  170,  482 
Crawl  space,  481 
Creativity,  68 

Critical  Path  Method,  114,  436 
Crowbar,  169 

Curing,  of  concrete,  237, 238 
Curtain  wall,  330,  342 
Custom  details,  464 
Cut,  and  fill,  176 
Cutting,  170 


Damper,  288 
Dams,  8,  250 

building,  171,  410-416 
laying  out,  178 
as  mass  superstructures, 
200,  246 

selecting  site,  413 
Datum  level,  469 
Dead  air  space,  333 
Dead  weight,  74 
Deck,  roof,  337 
Decorating,  376,  381,  386 
Deed,  41 

registering,  461 
Deformed  rods,  220 
Dehumidifier,  286 
Demand,  621 
Demolition,  168,  439 
Demoting,  160 
Den,  464 

Density,  of  housing,  630 
Density  tests,  soil,  66 
Depreciation,  110 
Derrick,  266 
Design — 

of  bridge,  420 
of  home,  446 
presenting,  80 
of  road,  424 
selecting,  78-82 
skyscraper,  429 
Designing,  19,  60,  61,  64 
analysis  step,  74-77 
of  bridge,  417 
considerations  in,  61 
cycle,  94-96 
home,  463-468 
Identifying  problem,  66-67 
implementation  phase,  96 
information  for,  94 
preliminary  ideas,  68-70 
refining  ideas,  71-73 
Detail  drawings,  83,  462 
Detour,  424 

Developer,  costs  of,  631 
Development,  plan  for  city,  647 


Dimension  lumber,  213 
Dimensions — 

in  designing,  72 
on  drawings,  83 
Directing,  20 
Discharging,  150 
Disposing,  171 
Docks,  526 
Domed  roof,  493 
Doors — 

installing,  497,  607 
parts  of,  378 
Door  stop,  607 
Dormer,  493 
Dowels — 

in  concrete,  224 
in  concrete  frame,  262 
Downspouts,  494 
Draft,  286,  354 
Dragline,  183 
Drainage,  394 

of  foundation,  482 
of  slab,  487 
of  site,  34,  76,  479 
of  soil,  54 
Drawings,  19 
of  ideas,  68 

preparing  house,  469-467 
working,  81,  83,  86 
Dream  house,  443-447 
Dredging,  185 
Driveways,  616 
Dry  heat,  601 
Drywall,  361,  506 
ceiling,  364,  366 
Ductwork,  280,  282,  286 
installing,  288 
roughing  in,  600 


Earth — 

as  construction  material,  249 
stabilizing,  194-199 
Earth  auger,  185 
Earthmoving,  8,  162,  168,  171, 

180, 188,  426 
Earthquake,  429 
Easement,  41,  306 
Eating  space,  463 
"fe'ave,  272,  494,  499 
Economic  system,  beginning  of, 
2-3 

Education  and  training,  140-144 
Eiffel  Tower,  247 
Electrical  communications  sys- 
tems, 310-319 
Electrical  drawings,  83 
Electrical  engineer,  141 
Electrical  fixtures,  installing,  389 
Electrical  power  system,  304-309, 
466 

Electric  heat,  601 
Electrician,  306,  311,  378,  406 
Electricity,  279 

finishing  installations,  613 
roughing  in,  603 
temporary,  163 
Electron,  279 


Elementary»school,  639 
Elevations,  46,  83,  461 
Elevation  survey,  49 
Elevator,  building,  428 
Ells,  294 

Embankment,  413,  426 
Eminent  domain,  36 
Enamel,  383 
Encapsulate,  438 
Encroachment,  41 
Engineers,  63 

education,  141 
field,  122 
operating,  311 

and  project  transfer,  400-404 
schooling  of,  141 
Engineering,  19,  60,  64 
of  contractor,  121 
cycle,  94-96 

Entraining  agents,  229 
Environment — 
control  of,  437 
working,  146 
Epoxy  resins,  437 
Equipment — 

estimating  costs,  109 
installing,  408 
moving,  161 
in  specifications,  473 
Erector,  steel,  266 
Erosion,  411 

Estimating,  19,  107,  108, 113 
preparing,  92 
Estimator,  108 
Evaluation — 
in  design,  66 

during  refinement  of  idea,  72 
Excavating,  183, 186 
for  house,  481 
nuclear,  436 
Exhaust  fan,  389 
Expansion  joint,  337 
Explosives,  168 
Exterior  elevations,  461 
Exterior  walls,  496-499 


Face  brick,  344 
Facing,  216 

Facsimile  transmission,  314 
Fascia  499 

Feasibility  study,  26,  26,  30,  413, 
423,  620 
skyscraper,  429 

Federal  Mediation  and  Concilia- 
tion Service,  326 
Felt,  roofing,  338 
Felt  paper,  498 
Fences,  616 
Fiber  glass,  436 
Field  engineer,  122 
Field  office,  122 
File,  specifications,  90 
Fill,  187 

for  bridge,  426 
and  cut,  176 
gravel,  487 
on  site,  479 
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Filter,  air,  286 
Financing,  474-477 
Finished  floor,  332 
Finishing,  158,  347,  376,  380, 
614 

Fire  alarm  system,  614 
Fire  blocks,  271 
Fireplace,  614 
Fire  protection,  449 
Fish  tape,  308 
Fission,  280 

Fixed  price  contract,  98,  104 
Fixtures,  376 

installing,  387-392,  610 
Flagpole  schedule,  114 
Flanges,  294 
Flashing,  339 
Flat  paint,  383 
Flat  roof,  336,  491 
Float  flnish,  234,  369 
Floating  footing,  208 
Flood  coat,  339 
Flood  control,  24,  410 
Floor  plan,  83,  465,  469 
Flooring,  house,  608 
Floors,  332,  368,  376 
building,  487-490 
finished,  489 
finishing,  384 
skyscraper,  431 
wood  framing,  268 
Flowers,  planting,  617 
Footings,  206,  207,  466,  482 
Forced  air  heat,  601 
Foremen,  job,  122 
Forms,  concrete,  212 
assembling,  216 
building,  212-219 
removing,  237 
Fossil  fuels,  280 
Foundations,  162,  204,  211 
completing,  237-243 
excavating  for,  481 
parts  of,  207 
plans,  83,  466 
for  road,  261 
setting,  168,  209,  212,  482 
skyscraper,  429,  430 
and  substructure,  200 
and  superstructure,  244 
support  for,  68 
trimming  for,  194 
Frame,  202,  246,  247 
building,  428 
door,  378 

enclosing,  330-336 
erecting  concrete,  261-267 
roof,  337 
wood,  268-277 

Framework,  skyscraper,  430 
Framing — 

partitions,  360 
steel,  266-260 

Free  enterprise  system,  361 
Freehand  drawings,  68,  70 
Frescos,  384 
Friction  piles,  196 
Frieze,  499 


Fringe  benefits,  128, 146 
Frost,  in  soil,  64,  68 
Fuel,  selection,  601 
610,  Functions — 

of  dams,  410 
of  designs,  61 
Funding,  for  road,  423 
Furnaces,  285,  600 
Furnishings,  387 

Furniture,  and  room  planning,  466 
Furring  strips,  366 
Fuse  box,  281,  307 
Future — 

of  construction,  433-438 
housing  in,  441 


Gable  roof,  491 
Gains,  378,  607 
Gambrel  roof,  492 
Game  refuge,  412 
Garage  door  opener,  613 
Gas,  fuel,  281,  291 
Gasket,  299 
Gas  pipeline,  301 
Gates,  of  dam,  416 
General  conditions,  of  specifica- 
tions, 89 

General  contractor,  100 
Georgrian  house,  440 
Ghost  town,  644 
Girder,  assembling  in  wood 
framing,  270 
Glass  wall  panels,  346 
Glazier,  406 
Goals — 

of  city  plan,  647 
setting,  19,  164 
Go-devil,  302 
Goods,  economic,  3 
Government,  and  strikes,  361 
Government  lands,  38 
Grade,  176 

Grading,  394,  479,  616 
of  aggregate,  227 
excavation,  196 
Granite  cutters,  126 
Graphs,  uses,  66,  80 
Gravel,  63,  226 
fill,  487 
roof,  338 

Green  concrete,  237 
Grid  system,  survey  map,  60 
Grievances,  189-193 
in  writing,  191 
process,  326 

Gross  National  Product,  8 
Grout,  269,  269,  300,  363 
Guard  rail,  377 
Gutters,  494,  499 
Guy  derrick,  431 
Guy  wires,  269 
Gypsum,  228 
Gypsum,  uses,  497,  606 


Hardboards,  for  walls,  606 
Hardware,  installing,  391 


Hardwood  floor,  608 
Header,  270 
Header  course,  262 
Heat,  transfer  methods,  363 
Heating,  282,  285,  290,  466 
finishing  installation,  613 
installing  fixtures,  389 
roughing  in,  600 
Heat  loss,  500 
Heat  rays,  364 
Helicopter — 

to  erect  steel,  268 
use  in  construction,  172 
High  chairs,  in  concrete,  224 
High  density  housing,  630 
Highways,  ^9,  260,  623 
planning,  649 
surveying  for,  174 
Hinges,  door,  378 
Hip  roof,  492,  493. 

Hiring  practices,  20,  133,  134,  139 

Hod  carrier,  346 

Hoist,  264 

Hoops,  in  piers,  226 

Hot  air  heat,  501 

House — 

drawings  for,  469-467 
dream,  443-447 
finishing,  610-614 
Housekeeping  services,  406 
Housing — 

construction  of,  439-442 
need  for,  434 
people,  629-633 
styles  of,  440 
Humidity,  286,  288 
Hydration,  228 
Hydraulic  engineer,  413 
Hydroelectric  plant,  411 
Hydrographic  survey,  46 
Hyperparabolic  roof,  493 

Ideas,  recording,  68 
preliminary,  68-70 
Incentive  contract,  99 
Income,  and  housing,  443 
Inducting  wprkers,  133,  138 
Industrial  aits,  6 
Industrial  engineer,  141 
Industrial  production,  166 
Industrial  technology,  7 
Industry,  defined,  6 
Initiator,  23,  30 
Inspections,  21,  320-324 
of  final  project,  400-404 
of  road,  427 

Installers,  telephone,  811 
Instrument  man,  47 
Insulation,  330,  332,  334,  336,  337, 
363, 368 

on  ductwork,  288 
installing,  606 
joist  floors,  488 
materials,  366 
of  slab,  487 
steam  lines,  300 
Insulation  board,  606 
sheathing,  497 
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Insulators,  306 
Insurance,  title,  42 
Interest,  on  loan,  477 
Interior,  of  house,  606-609 
Interior  walls,  369-363 
Intersections,  624 
Interview,  job,  137 
Investment  cost,  110 
Invitation  to  bid,  102 
Ironwork,  installing,  391 
Ironworkers,  126, 266 
Irrigation,  410 


Jack  rafter,  493 
Jacks,  312 
Jamb,  378,  607 
Jetties,  249 
Job  descriptions,  133 
Joint— 

drywall,  361,  606 
masonry,  344 
in  molding,  379 

Joint  Apprenticeship  Committee,. 

142 

Joint  venture,  412 
Joist  hanger,  271 
Joists,  268,  466 
ceiling,  489 
assembling,  269 
in  concrete  slab  form,  264 
wood,  488 
Journeyman,  131 
Junior  high  school,  639 
Jurisdictional  dispute,  327 


Kiln,  343 

Kitchen,  finishing,  613 
Kitchen  cabinets,  612 
Knights  of  Labor,  126 


Labor,  12,  32 

estimating,  109 
legislation,  128,  160 
relations,  121 
strike  costs  to,  351 
union,  126 

Laboratory  tests,  soil,  67 
Lacquer,  610 
Land- 

acquiring  for  dam,  416 
effect  of  price,  631 
survey  of , 46 

Land  development  standards,  648 
Land  holdings,  history  of  U.S.,  38 
Land  restrictions,  36 
Landscaping,  10, 160,  393,  399,  469 
616,618 
Laser  system,  314 
Lath,  361 

and  plaster,  364,  366,  605 
Lavatories,  installing,  612 
Lawn,  laying,  617 
Lawyer,  460 
Laying  off,  160 


Leaching  lines,  469 
Lead  joint,  299 
Lead  solder,  294 
Ledger  strip,  270 
Legal  description,  land,  39 
Legal  documents,  468 
Letter  of  commitment,  474 
Level,  48,  49,  174 
Lever,  principle  of,  74 
Lien,  42,  402 
Lift  bridge,  420 

Light  fixtures,  installing,  387,  390 
Lime,  and  cement,  228 
Linemen,  306,  311 
Linoleum,  371 
Load-bearing  surface,  63 
Load  bearing  walls,  333,  342,  369 
skyscraper,  430 
Loads,  analyzing,  74 
Loan — 

arrangring  for,  474 
house,  461 

payment  schedule,  477 
Lockout,  326 
Lockset,  607 

Loose-fill  insulation,  366 
Lot,  40 

selecting  and  purchasing, 
448-462 
Louvers,  498 

Low  chairs,  in  concrete,  224 
Low  density  housing,  630 
Lumber,  213 


Machine,  2 
Mains,  water,  279 
Maintenance,  10 
need  for,  644 
property,  407 
workers,  406 
Man  and  technologry,  1-6 
Management,  17,  21,  90, 140 
and  bid  proposal,  112 
of  construction,  17-22 
of  future,  436 
and  grievances,  191 
strike  cost  to,  350 
Manhole,  300 
Mansard  roof,  492 
Manufacturing  technology,  3,  4,  7 
workers  in,  12 
Mapping,  46-62,  174 
Marble  wall  panels,  346 
Market,  and  site,  32 
Marking  gage,  214 
Markup,  111 
Maser  system,  314 
Mason,  262,  346 
Masonry — 

finishing,  385 
paint,  511 

superstructures,  249-264 
use  inside,  506 
walls,  247,  343,  486 
Mass  superstructures,  201,  246, 
249-264 

Mast,  of  derrick,  255 


Mastic,  365,  370 
Materials,  3,  61 
for  bridge,  418 
change  in  value,  166 
for  dams,  412 
estimating,  109 
for  footings,  209 
for  forms,  212 
of  future,  434,  436 
inspecting,  322 
local  use,  446 

for  mass  superstructures,  246 
moving  excavated,  186 
and  site  selection,  34 
in  specifications,  473 
Mean  sea  level,  46 
Mechanical  drawings,  83 
Mechanical  engineer,  141 
Mechanical  joint,  299 
Mediation,  129, 192,  326, 329 
Meridians,  40 
Mesh,  reinforcing,  220 
Metal  flooring,  371 
Metal  lath,  361, 606 
Metal  wall  panels,  346 
Metals,  of  future,  436 
Meter,  electric,  307 
Metes  and  bounds,  40 
Microwaves,  282,  310,  313 
Millwork,  376 
Mitered  joint,  608 
Mixer  operator,  209 
Mobile  units,  radio/TV,  316 
Models,  20,  80,466 
Modular  system,  434 
Modulation,  311 
Mold,  concrete  form  as,  212 
Molding,  379 
Monitor,  21,  318 
TV,  315 
Monuments,  260 
of  pipelines,  302 
survey,  46 
Morale,  148 
Mortar,  252 
Mortgage,  41 

application  for,  476 
payments,  443 
Mosaic,  362 
Movable  partitions,  360 
Mulch,  396 

Multiple  family  housing,  630 
Mural,  384 


National  labor  policy,  128 
Nature,  products  of,  6 
Navigation  systeiri,  310-319 
Needs — 

and  housing,  443 
identifying,  66 
Negotiation,  36,  99 
labor,  126, 147 
Network,  radio/TV,  316 
Neutral  party,  326 
Nonmetallic-sheathcd  cable,  307 
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Oakum,  294 
Obstacles,  on  site,  478 
Office  communication,  318 
Office  workers,  140 
Oil  base  paint,  383,  610 
Operating  personnel,  405 
Organizing,  154 

as  managring,  17,  20 
Oriental  house,  440 
Ornamental  ironwork,  391 
Outline  specifications,  89 
Outlet  box,  390 
Overall  Progress  Chart,  117 
Overhead,  98,  111,  360 
Overload,  307 
Owner,  24 

accepts  project,  400-404 
agreement  with  architect,  474 
agreements  with  contractors, 
120,  474 
of  bridge,  417 
inspects,  321 
responsibilities,  120 
selects  builder,  97 
selects  design,  78-82 
selects  site,  30 
skyscraper,  428 


Painters,  378,  382 
Painting,  376,  381,  386,  510 
Panama  Canal,  26,  30 
Paneled  floor  systems,  489 
Paneled  walls,  362,  485 
Panels — 

for  concrete  forms,  262 
exterior  wall,  346 
Paperhangers,  382 
Parallels,  40 
Parcel,  of  land,  38 
Parks,  539-543 
Parking — 

location  of,  76 
need  for,  537 
at  schools,  640 
Parquet  floor,  370 
Partitions,  333,  369, 360 
Patios,  491,  516 
Pavement,  pouring,  261 
Paver,  bituminous  concrete,  261 
Payment  bond,  106 
Pencils,  carpenter's,  215 
People — 

housing,  529-633 
organizing,  120 
and  technology,  12-16 
Performance  bond,  106 
Permit,  building,  648 
Personnel  technology,  10,  14, 15, 
133 

PERT,  436 
Petitions,  24 
Petroleum  pipeline,  301 
Picketing,  350 
Pictorial  drawings,  80 
Piers,  196,  211,  421 
bridge,  417,  426 
forms  for,  218 


Pigrment,  381,  510 
Pile  cap,  208 

Pilings,  58,  76,  196,  207,  208,  421 
430 

Pins,  wood,  268 
Pipe — 

laying,  298 
sizes,  293 
Pipe  dope,  294 

Pipelines,  278,  279,  297,  303,  526 
records  of,  302 
as  structures,  202 
Piping,  293 
in  slab,  487 
Pisa,  tower  of,  207 
Pitch,  of  roof,  336, 491 
Plane  table,  48 
Planking,  213 
floors,  488 
roof,  366 

Planks,  as  joists,  269 
Planning,  164 
of  bridgre,  420 
city  and  regrion,  519-522 
for  construction,  10-11 
house,  463-458 
as  managing,  17,  19 
need  for  community,  546 
Planning  Commission,  548 
Plaster,  362,  364,  366,  505 
Plasterboard,  361 
Plasterers,  334,  347 
Plastic  laminates,  506 
Plastic  pipe,  295 
Plastic  wall  panels,  346 
Plastics,  in  future,  436 
Plat,  40 

Plate,  of  roof,  493 
Plate  bearing  test,  soil,  56 
Plates,  216 
Playgrrounds,  541 
Plot  plan,  177,  459 
Plumb  bob,  178,  217,  269 
Plumber,  291,  378 
Plumbing,  291-296,  467 

installing  fixtures,  387,  388, 
612 

roughing  in,  602 
steel  frame,  269  . 

Plywood,  213 

sheathing,  497 
walls,  606 

Pneumatic  conveyor,  286 
Pneumatic  tamper,  299 
Point  support  pile,  196 
Police  communication,  318 
Pollution,  410 
Polyvinyl  acetate  paint,  383 
Pontoons,  420 
Population  density,  31 
Population  multiplier,  629 
Porous  material,  364 
Portland  cement,  228 
Post  and  beam  wall  system,  486 
Postprocessing,  10, 14,  166,  406 
Power  lines,  306  > 

Precast  concrete,  266 
beams,  418 


wall  panel,  485 
Precut  house,  441 
Prefabrication,  163,  379 
doors  and  windows,  497 
forms,  213 
in  future,  434 
house,  441 
wall  panels,  485 
Preprocessing,  10,  166 
Primary  construction,  519 
Primary  workers,  629 
Primer,  384,  511 
Private  projects,  23 
Problem,  identifying,  61 
design,  66-67 
Processing,  3, 10,  155 
Production  technology,  2, 1.0, 164. 
Production  workers,  140 
Proficiency  tests,  134 
Profit,  111 

and  managring,  17 
Project — 

feasibility  of,  25 
manager,  122 
specifications,  90 
transfer  to  owner,  400-404 
Promotions,  148-153 
Property  line,  177 
Proposal,  bid,  103 
Public  hearing,  24 
Public  projects,  23 
Pumping,  to  clear  water,  187 
Pumps,  concrete,  232 
Punch  list,  400-404 
Purchase  offer,  450 
Purchasing  section,  121 
Push-pull  rule,  214 
Putty,  383 
Pyramids,  8 


Qualifications,  to  bid,  102 
Quality  control,  321 
Quarrying,  249 
Quarter  section,  40 
Quotation,  price,  110 


Radar,  316,  317 
Radiation,  354,  501 
Radiators,  501 
Radio  system,  310-319 
Raft  footing,  207,  208 
Rafters^  268,  272 
types,  493 
Railroad  spur,  394 
Ranch  house,  440 
Readymixed  concrete,  229 
Real  estate,  buying,  35,  38-44 
Realtors,  35,  450 
Recorder  of  deeds,  39,  451 
Recreation,  planning  facilities, 
539-543 
Recruiting,  133 
Redevelopment,  545 
Reducer,  293 

References,  personal,  138 
Refinery,  301 
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Refining,  of  design,  62 
Reflection,  354 

Region,  services  of,  623-528 
Regional  planning,  519-522,  649 
Registers,  air  handling,  282,  889 
Registrar,  county,  39,  451 
Reinforcing  concrete,  209,  220-225, 
262 

Relaxing  space,  463 
Relay  stations,  283 
Release  of  claims,  400,  401,  403 
Relocating,  160 
Repairman,  405,  407 
Reporting,  21 
Reproduction,  3 
Resale  value,  460 
Research,  19,  46 
Reservoir,  410 
Resilient  flooring,  371,  608 
Responsive  bid,  104 
Resurvey,  46 
Retarders,  229 
Retirement,  125,  131,  160 
Reveal,  378 
Ribbon  stone,  345 
Ridge,  272,  493 
Riggers,  266 
Right-of-way,  306 
Ripping,  186 
Rip-rap,  416 
Rise,  of  roof,  494 
Risers,  607 
pipe,  295 

River,  diverting,  171 
Rivets,  431 
Roadbed,  176,  623 
building,  423-427 
compacting,  196 
Rock,  249 

crushed,  226 
Rock  lath,  361,  505 
Rocket  assembly  building,  9 
Rodman,  47 

Rods,  reinforcing,  220 
Rodsetter,  209,  223 
Rollers,  paint,  383,  611 
Roofing,  336-341 
Roofs,  83,  331,  465 
building,  491-496 
decking,  273 
wood  framing,  268,  272 
Roof  trusses,  490 
Room  divider,  360 
Rooms,  planning,  454 
Row-lock  course,  262 
Rubber  base  paint,  383 
Rubber  flooring,  372 
Rule,  bench,  214 
Run,  of  roof,  493 


Sack-rubbed  finish,  concrete,  240 
Safety,  146, 161 
electrical,  305 
programs,  129 
and  schools,  540 
Safety  factor,  74 
Sailor  course,  252 


Salvaging,  169 
Sand,  63,  227 
Sandwich  panels,  489 
Sanitary  engineers,  141 
Sanitary  sewer,  279,  300 
Satellites,  communications,  313 
Savings  and  loan  companies,  476 
Sawing,  215 

Scale  drawings,  71,  79,  83 
Scarifying,  186 
Scheduling,  114-118 
Schools,  planning,  639-643 
Scraper,  182 

Scratch  coat,  334,  347,  606 
Screeds,  233 

Screening  job  applicants,  134 
Sea  lanes,  317 
Seawater,  desalting,  434 
Secondary  school,  639 
Secondary  workers,  629 
Sections,  40,  83 
structural,  461 
Seeding,  396 
lawn,  517 
Separating,  160 

materials,  166, 166 
Septic  tank,  469 
Serpentine  roof,  493 
Service  entrance,  307,  312 
Services — 

business,  536 

of  constructed  project,  406-409 
of  community,  623-628 
of  facility,  521 
at  home  site,  449 
of  house,  466 
for  schools,  640 
workers  in,  13 
Setbacks,  448,  479 
Sewage  system,  279,  291,  300,  527 
Sewer  pipes,  298 
Sewing  room,  464 
Shakes,  cedar,  494 
Sheathing,  213,  346 
excavation,  196 
outside  wall,  496 
roof,  494 
wood  framing,  272 
Shed  roof,  491 
Sheepsfoot  roller,  426 
Sheet  metalworkers,  287 
Shellac,  383,  510 
Shelter,  7 

man’s  early,  439 
tempora.ry  on  site,  162 
Shims,  267 
Shiner  course,  262 
Shingles,  types,  494 
Shoe,  379 

Shop  drawings,  83,  221,  267 
Shopping  centers,  634,  636 
Shoring,  58,  196,  216,  263. 

for  concrete  slab,  263 
Shovel,  power,  182 
Showers,  installing,  512 
Shrubs,  planting,  396,  617 
Siding,  exterior,  498 
Signals,  steelworkw’s,  267 


Silicone,  in  roofing  material,  340 
Sill,  268,  269,  378,  379 
Silt,  53 

Single  family  dwelling,  630 
Site,  4,  621 

access  to,  162 
of  businesses,  636,  637 
clearing,  162, 166-173,  478 
completing,  393-399 
cost  of,  449,  631 
for  dam,  413 
factors  regarding,  168 
for  house,  448-462 
information  about,  66 
key  to  construction/manu- 
facturing definition,  167 
preparing,  168 
protecting,  161 
for  recreation,  641 
for  school,  640 
selecting,  30-37,  75 
skyscraper,  429 
use  of,  480 
Site  plan,  71,  83 
Skeleton  frame,  330 
Sketches,  idea,  62 
Skilled  craftsmen,  education^  142 
Skyscrapers,  building,  428-4S2 
Slab  floor,  332,  481,  487 
Slabs — 

forms  for,  216 
making  suspended,  263 
Slaking,  of  clay,  64 
Sleeping  space,  463 
Slope — 

of  roof,  331,  336,  491 
of  sewer,  628 
Slope  stakes,  176, 195 
Snake,  300 

Snowchoes,  as  footing,  207 
Social  Security,  109 
Society,  industrial,  7 
Sod,  396,  617 
Soffit,  389,  499 

ventilating,  499 
Soil- 

analysis,  66,  76 

as  construction  material,  249 
and  footings,  482 
preparing  for  seeding,  516 
of  site,  34 
testing,  63-59,  448 
types,  63 
Soil  pipe,  294 

installing,  602 
Solder,  294 
Soldier  course,  262 
Sole  plate,  271 
Solvents,  383,  610 
Sound  waves,  312 
Space  communication,  9,  318 
Spacing,  wood  framing,  270,  271 
Span — 

of  roof,  493 
of  wood  framing,  270 
Spandrel  braced  arch,  419 
Spanish  house,  440 
Spar  varnish,  383 
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Specialization,  3, 10 
Specifications,  19,  87,  93 
writing,  468-473 
Spigot  end,  294 
Spillway,  415 
Spoil,  185,  186,  187 
Spray  painting,  384,  511 
Spread  footing,  207 
Sprigging,  396 
Spud  wrench,  257 
Square,  framing,  214 
Stains,  383 
Stairs,  379,  507 
Stakes,  216 

for  plantings,  395 
survey,  46 

Standard  details,  462 
Standards  specifications,  89 
Status,  social,  150 
Steam  curing,  239 
Steam  fitters,  291 
Steam  heat,  286 
Steam  lines,  300 
Steel- 

kinds  of  reinforcing,  220 
making  structural,  255 
Steel  frames,  erecting,  247, 
255-260 

Stilts,  as  footing,  207 
Stone,  249 
floor,  370 
masonry,  345,  486 
Stoned  finish,  concrete,  240 
Stone  mason,  252,  345 
Stool,  508 

window,  379 
Storm  sewer,  279,  300 
Streets,  523 

Stressed  skin  panels,  489 
Stretcher  course,  252 
Strikes,  129,  325,  349-352 
Stringer,  507 

for  concrete  slab>  264 
Strip,  shopping,  536 
Structural  analysis,  74,  461 
Structural  drawings,  83 
Structural  steel,  255 
Structures,  7,  200-203 
locating,  174-181 
plans  for,  83 
stabilizing,  194-199 
Stucco,  347,  486 
Studs,  216,  268,  271 
Stud  wall,  484 
Study,  454 

Subcontract,  100, 110 
Subcontractor,  agreement  with 
owner,  474 
Subdivision,  40 
Subfloor,  271,  487 
Substation,  electrical,  306 
Substructures,  158,  200,  206,  244 
building,  478-483 
of  road,  261 
Suburbs,  441 

Summary  sheet,  estimator's.  111, 
112 

Sump  pumps,  187 


Superintendent,  job,  122 
Superstructures,  153,  158,  200, 
242-248 
bridge,  421 
design  of,  244 
enclosing,  330-335 
of  house,  201 

mass  and  masonry,  249-254 
Supplies,  contract,  100 
Supports,  foundation,  207 
Survey,  45-52, 174 
land,  42 
of  site,  479 
types  of,  45 
Surveyors,  40,  450 
Suspended  ceiling,  332,  365 
Suspension  bridge,  419 
Sweated  joint,  294 
Sweets  catalog,  90 
Swing  bridge,  420 
Switchgear,  telephone,  312 


Tackless  strips,  373 

Tag  line,  257 

Takeoff,  109 

Tape,  measuring,  174 

Tar  paper,  331 

Taxes,  and  site  selection,  35 

Tax  rates,  449 

T-bevel,  214 

Teamwork,  145 

Technology — 

and  man,  1-6,  12-16 
use  of  new,  434 
Teepees,  439 
Tees,  294 

Telegraph  system,  310-319 
Telephone,  310-319 
installing,  390 
on  site,  163 
Television,  310-319 
Temperature  control,  288 
Termites,  269 
Terrazzo,  368 
floor,  369 
Theodolite,  49 
Thermopane,  355 
Thermostat,  282,  288 
Thinner,  383,  510 
Threads,  pipe,  294 
Threshold,  378 
Through  bridge,  417 
Ties,  216 

in  forms,  218 
in  wall,  485 
Tile,  506 

ceiling,  364 
clay  wall,  344 
drain,  482 
floor,  370,  C)09 
installing  ceiling,  490 
laying  floor,  372 
roof,  494 
on  subfloor,  488 
wall,  362 
Tilt-up  slab,  347 
Title,  41,  42 


Title  insurance,  42 

Title  page,  of  specifications,  92 

Toenailing,  270 

Toilet,  installing,  512 

Tongue  and  groove  flooring,  271 

Tool,  1 

Topography,  45,  448 
Top  plate,  271 
Topping  out,  260,  331 
Topsoil,  54,  395 
spreading,  516 
stripping,  478 
Torque  wrench,  258 
Tower,  as  framed  superstructure, 
244,  247,  317 
Tower  of  Babel,  246 
Tower  crane,  431 
Township,  40 
Tract,  of  land,  38 
Trade,  in  economics,  3 
Trade  area,  535 
Tradition,  and  style  of  house, 

445,  446 
Traffic,  523 

flow  in  house,  455 
Trailers,  as  temporary  office 
shelters,  163 

Training  and  education,  129, 
140-144 

Transferring,  150 
Transformer,  280,  306 
Transit,  48,  174 
Transmission  lines,  305 
Transportation,  523 
need  for,  434 
and  site,  33 
Trap,  plumbing,  502 
Treads,  507 
Trees — 

planting,  395,  517 
on  site,  478 

Trench,  digging,  185,  297,  482 
Trencher,  297 
Triangulation,  46 
Trim,  inside,  507 
Trimming,  376,  378 
excavation,  194 
Trowel  finish,  234,  369 
Trowel  trades,  347 
Trussed  bars,  263 
Trussed  roof,  wood  framing,  273 
Trusses — 

bridge,  418 
roof,  490 
Try  square,  214 
Tudor  house,  441 
Tunneling,  185 
Tunnels,  as  structures,  202 
Turnkey  job,  97 

Undercoat,  511 
Underlayment,  368,  489 
Underpinnings,  430 
Unions,  125,  293 
joining,  130 

membership  standards,  131 
Unitheaters,  501 
Unit  price  contract,  98,  104, 110 


r.rtn»tiu*«  r v ywi 


Utilities,  24, 163,  276,  284,  526 
during  construction,  163 
installing,  168 
roughing  in,  600-604 
and  site,  33, 449 
in  skyscrapers,  432 
Utility,  of  site,  31 
Urban  housing,  632 
Urban  renewal,  646 


Vacations,  128 
Vacuum  systems,  286,  364 
Valley,  of  roof,  493 

Value,  of  structures,  646 
Valves,  293 

Vapor  barrier,  332,  334,  338,  346, 
363,  487,  606 
walls,  498 
Varnish,  383,  610 
Vaulted  roof,  493 
Vehicle,  382, 610 
Veneer,  brick,  344 
Ventilating,  286-290 
of  attic,  498 
installing  fixtures,  389 
plan,  466 
Vents,  389 

plumbing,  602 

Vertical  control,  survey,  46 
Vinyl  flooring,  333,  37  i 
Vinyl  paint,  381 
Vinyl  siding,  346 
Vitrified  clay,  300 


Voids,  in  soil,  64 
Voltage,  280,  306 

Wages,  126, 128, 146 
Walers,  216,  261,  262 
Walks,  616 
Wallpaper,  384,  611 
Walls— 

building,  484-486 
exterior,  331,  342,  348 
forms  for,  217 
inside,  333 

interior,  369-363,  606 
skyscraper,  431 
wood  framing,  268,  271 
Warranty,  403 
Washing — 

excavation,  194 
sand,  227 

Washing  space,  463 
Water,  279 

in  concrete,  228,  238 
diverting,  172,  173,  626 
need  for,  434 
removing  unwanted,  187 
on  site,  163 

Water  base  paint,  383,  610 
Waterproofing,  concrete,  239 
Water  reducing  agents,  229 
Water  system,  291,  626 
Water  table,  64 

Weather,  and  construction,  162 
Weather-stripping,  367, 498 
Welfare  program,  131 
Wet  heat,  601 


Windows — 

installing,  497 
parts  of,  379 
Wiremen,  electrical,  306 
Wood,  in  future,  436 
Wood  floor,  370 

construction,  466 
nubfloors,  488 

Wood  frames,  building,  247, 
268-277 
Wood  siding,  346 
Work,  managing,  164 
Workers — 

hiring,  133-139 
and  technology,  12-16 
types  and  number,  12, 13 
Working  conditions,  126, 128, 146, 
147, 190 

and  promotions,  148-163 
W orking  drawingfs,  81, 83,  86,  469, 
467 

Working  hours,  128 
Workmanship,  inspecting,  322 
Workmen’s  Compensation,  109 
Work  promotion,  130 
Workshop,  464 
Work  stoppage,  see  Strikes 
Wrecking,  168, 169,  430 
Writer,  specifications,  90 
Wythe  brick  wall,  262 


Zig-zag  rule,  214 
Zoning,  36, 160,  448,  648 
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